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PREFACE. 



It is with considerable diffidence that the Author brings 
this text-book before the chemical public. The system of 
chemical notation introduced by Dr. Frankland into the 
lecture teaching, based upon the doctrine of atomicity, and 
embodied in his lucid " Lecture Notes," published four years 
ago, necessitated a corresponding change in the laboratory 
teaching. The experience gained by me during several 
years' teaching on this system, imder comparative difficulties, 
owing to the want of a suitable Laboratory Text-book, has 
convinced me that this method of classification of elements 
according to their atom-fixing power, is capable of simplifying 
the study of chemistry generally, and in a marked degree 
also of chemical analysis. A knowledge of qualitative and 
quantitative analysis is best acquired by working practi- 
cally in a laboratory. Most students can, however, devote 
only a limited amount of time to laboratory work ; and it 
has, therefore, been the Author's endeavour to enter only 
so far into theoretical considerations as was absolutely 
necessary to explain the laws which govern chemical 
changes, and to make the beginner practically familiar with 
the properties of elementary matter, and the most important 
forms of combination met with in a limited course of 
practical instruction. 

This has been kept strictly in view in arranging the 
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first Part of the book. Some of the elementary exercises 
described therein are based npon R. Arendt's " Lehrbuch der 
anorganischen Chemie ;" a few are borrowed from Dr. Hof- 
mann's admirable " Introduction to Modem Chemistry." 

During an extended period of laboratory teaching, I have 
acquired a knowledge of the difficulties usually encountered 
by students during their early laboratoiy practice ; and I 
have endeavoured to anticipate, as far as possible, the 
references usually made to the teacher by students, by 
supplying information on points which may appear trifling, 
but which constitute formidable obstacles in the way of the 
beginner, to be cleared away only at the expense of much 
valuable time. 

Teaching in a laboratory must be controlled by a daily 
examination and verification of the progress made by each 
student. This can obviously only be done in the case of 
a large practical class by expending much labour and time 
upon this all-important part of the laboratory work. The 
same question has frequently to be addressed to different 
students, whilst many of the latter may have to refer to 
the teacher on one and the same knotty point contained in 
the Text-book. This is an experience which other chemical 
instnictors doubtless share with me. In order, therefore, to 
save time, and with a view of assisting the student, I have 
placed a number of questions at the end of each division of 
the book mostly based upon the text itself, and embodying 
some difficult point or other. This mode of reviewing the 
work done in the laboratory will, I trust, recommend itself 
on the important ground also of teaching a student how to 
prepare for examinations. 

In the portion relating to qualitative analysis, it has 
been my chief aim to be as concise as possible, and to teach 
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tbe student to generalize, and to systematize. I have 
frequently been told by students, with a mien of despair, 
** I shall never remember all these reactions ! " Exercisdis 
such as the one sketched out on page 178, or the brief 
sketches of the different methods for the separation of the 
metals of the different groups, likewise the summaries 
of the solubility of salts under the different adds, and 
the table of solubility of salts given in the Appendix, will 
materially assist the student to remember the different and 
numerous reactions. 

Again, in elaborating the systematic course of analysis 
(based mainly upon the treatises of Professors Will and 
Fresenius, as well as upon the " Handwoerterbuch der 
Chemie "), I have avoided all unnecessary innovations, and 
have employed only methods which have stood the test 
of long experience. This applies more especially to the 
directions laid down in the form of analytical tables for 
the examination of simple and complex substances. The 
directions given are as concise as possible, omitting every- 
thing which has no direct bearing upon the course of 
analysis, whilst at the same time mostly only quantitative 
methods have been selected. 

It has been a source of great satisfaction to me, that 
Dr. Frankland encom-aged me to write this work, and has 
given me in various ways much valuable assistance, for 
which I beg to tender him my best thanks. 

I have to thank most cordially my Mends, Dr. Lacker- 
steen and Th. D. Hall, M.A., for the help cheerfully rendered 
to me in revising proofnaheets, and Mr. W. D. Herman, 
at present studying in this College, for the assistance 
which he gave me in compiling as complete an Index as 
possible. 

h 2 
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Mj thanks are also due to Professor Bloxam for the 
loan of some of the wood-outa used m his Treatise on 
«* Inorganic and Organic Chemistry/* 



Zimdim, November 21, 1870. 
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HYDROGEN. 

Bxperiment 1. — ^Fill a gluas cylinder or test-tabe with water, and inrert 
it OTer a basin containing water, by first doaing its mouth with a glass plate^ 
(Fig. 1). Wrap up a small 
piece of the metal sodium in 
a little fine wire gauze, fas- 
tened to a piece of wire. In- 
troduce the sodium rapidi j 
underneath the mouth of the 
cylinder (Kg. 2). Qta bub- 
bles are obserred to ascend 
through the water and to 
collect in the upper part of 
the cylinder. The cTolution 
of gas ceases after a few 
moments, and the sodium is 
found to have disappeared, 
entirely. By repeating this 
operation if necessary, the 
whole of the water in the 
cylinder may be replaced by 
a colourless gas. This gas 
is hydrogen. 

Some other metals, 
e.g,y magnesium, when 
introduced into water, 
likewise give rise to an 
evolution of hydrogen, 
but the action is much 
slower, and has to be 
assisted by employing 
hot instead of cold 
water. 

The metals, iron, 
zinc, tin, when placed 
in water give ofiT no 
gas. K, however, a little 
hydrochloric acid be 
added to the water, a 
brisk evolution of hydrogen ensues. 

B 
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2 PREPARATION OF HTDSOOEN. 

Other metals a^in, such oa copper, mercory, gold, and platmnm, 
even when placed in acidulated water, do not evolve any hydrogen. 

Biperiment S. — Larger qnantitiea of bydrogen are moat oonTenicntly pre- 
pared bj acting upon dnc or iron with dilate hjdjocliloric acid. An appuatiu, 
reprewnted in Tig. 3, oongijtmg of t, two-neckod bottle— «)-CBlled Woulfe's 
bottle — ia employed, fitted up bj meana of perforated oorki witb a funnel and 
delirery-tube. The funnel-tube, B, reachei nearly to the bottom of the Woulfe'i 
bottle, A, and aerrM for the introduction of the acid. The deliTory-tube, O.vhich 
haa been bent aa aeen in Fig. S, in the gaa-flame of an ordinary fish-tail or bat'i- 
wing ^s-bnmer, ii fitted into the other hole, ao aa juat to paaa through the cork. 
Sound and vell-fltting corks ahould be aelected for inch eiperiments, and tbej 
ought 111 be well iqaeeied before being bored. The glaaa funnel and delirei;- 
tube should readily piaa through the holea and yet fit perfectly air tight. It ia 
harp cork-borer of the aite of 

The delirery-tube dipa 
under the water and deliTen 
the gaa into the cylinder in- 
Terted over water in a buin 

or pneum. 
uraoali 
of abeet zinc) ia introduced 
into the bottle, and the cork 
and deliretr-tube adjusted 
properly. ModenU«ly con- 
centrated bTdrochloric acid 
is then poured through tha 
funnel-tube, when the otoIu- 
tion of hydrogen begins at 
once. The gaa finding no 
other outlet passes through 
the dehTerj-tube and forces 
ita way through the water. 
The air contained in the 
Woulfe'a bottle must first be 
displaced before any of the 
) aacertalu whether the air has been sufficiently 
collected otct water in a test-tube ii ' 

H^tLe ': 




: may be considered safe t 

a with a alight explosion on wplying 

on that the air haa not been sufficiently 



gaa is collected. 

displaced, some of __ ^_.__ 

already described. When quite full, the tube is withdrawn by dosing (be mouth 
with Uie thumb, or with a small watch glass or gltM plate. If the enclosed 

. ., onapplyinr- '■ ■-- ^ ' "" " 

lownwarda, with a 

gssi but ahould the gaa in the lube bi 
a li^t to it, it may be taken aa an Indies 
displaced irom the generating apparatus 

For atoring up larger qnantities of hydrogen, a gasholder, repre- 
sented in Pig. 4, IB nsaally employed, consiatingof a cylindrical vessel 
A, made of zinc or copper, connected by means of two tubes, a and b, 
with the open vessel B,and supported byone or two more tubi^ar stays, 
e and e', as shown in Fig. 4 ; a and b can be shut off by means of 
stopcocks. A glass gauge, as seen in g y', indicates the height of the 
coliunn of wafer in A. By closing the opening, d, fitted with a 
Hcrew-plug, and turning on the taps at a and 6, as well aa the de- 

• Hydro^ generated from ordinary linc is generally conkamiiutted with a 
nnall quantity of a most disagreeably smelling gas, whilst pure hydrogen is 
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liveiy-iap at m, water which is poured into the vesael B makes ita 
way into the vessel A, till it fiUa it entirely, and runs over through 
e. The taps at a, b, and c 
are then closed and the gas- 
holder may be charged with 
gas by inserting the deliTery- 
tabe through the opening at 
d, after the removal of the 
scrow-plng. The water mns 
ont from d aa fast as the 
gas enters. When fhll, the 
Bcrew-plog is replaced, and 
the apparatos is ready for 
ose. 

By keeping the top vee- 
sel, B, always well supplied 
with water, the gas can be 
dischaiged at pleasure from 
A by turning on ttie tap a, 
whiim conveys the water 
down to the bottom of A, 
and opemng the tap e partly 
or folly, as may be required. I 
The water which flows from 
B to A presses upon the ma, 

and forces it from e. The top Tessel, B, may also serve the pnis 
poses of a pnemnatic trough, and gas may be filled directly from the 
gas-holder into an inverted cylinder by opening the tap b, and allow- 
ing the gas to escape through the water into the inverted cylinder. 

Now, wluti are the propertiea of the gas which has been collBcted ? 

■xperfMCBt •■ — The hjdragen gu collected in a t«at-tube, or glua 
cylinder, u dMoribed in Biperimenta 1 and 2, can be readily remoied from the 

huin (Pig. C)> or pneumatio ' ' 

the Uminb or a glaw plate. 
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Od inbodunng b nz taper, u showa in Fig. 7, 





buTDB at the mouth, quietly with a blniih Same, giTing rery little light, irhilit 
the taper, on being moved upward through the Same into the lijdrogen, aa ahawn 
in Fig. 8, ii immMiatelj extinguiihed | on withdrawing the taper again, it ignites 





once more when it reaohst tha bumins gaa at the mouth of the cjrlinder. The 
taper ma; be tbni extinguiihed and rekindled ■ereral timee in sncoeieion. 

This proves that hydrogen cannot support amibvsthn,; aleo, thai it 
burna, bnt only where it is tn contact with the air (at; the month of 
the cylinder), 

BxperlBieBt 4. — A itrong loda-wBter bottle, filled to about nne-third ita 
bulk with water, ii inverted over the gaa delivBr; tube. Fig. 8, Until all the water 
ii expelled ij the bubblei of eb«. A. mixture of air and gaa in the prDPortion of 
two to one, is thu« obtained, which, when fired with a lighted taper, eiplodeB with 
aloud report. 
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ogen gat and air explodet wUh 

BiFertWBMt K. — A teit-tnb« or (^lindei foil of mt u bdd, moatli down- 
wuda, and •ome hjdrogen U allowed to pan into it firom another tube, Hnnewh&t 
inclined, as shown in Fig. 9. On appljing a light to ita mouth, sn eiploaion 
takes place, ahowing that thii cylinder, which oHginallv contained only air, con- 
Uini now a miitura of hydrogra and air— a mixture which is hiehlj eiidoiiTe, aa 
pTOred by EiperiToent 4. 

This BhowB that the gas asceoded from the lower into the upper 
cylinder, and that it must therefore have been lighter thoM air. Acoa- 
n.te determinatioDS have estaUished the feet, thai (A« gas U abmU 14 
iime» lighter than air, its specific giavity being 0093, as immpared 

ExperlmeBt •■ — The delirery tube of the gai-genonitiDg apparatui ii con- 
nected with a drying tube (oonttuning calcic chloride, a iubatants which 
powewe« ■ itrong afflnity fiw water), and a glan tube drawn out to a point 
^ig. 10). After allowing the hydrogen to eecape for lome timc^ the jet may 
be lighted without any 
danger of an eiptotion. '' 
The gu barns with a pale 
blue flame, which, how- 
erer, it eioeedinglj hot 
InTcrt a dry bell-jar 
the flame. It k>o: 
comet coTored with 




down. The « .^^ 

be thown by holding a „^ ,„^ 

wide gtwt tube, about 

half an inch in diameter, orer the jet. A mntical note, high or low, according 
aa the tabe ii wide or narrow, will be heard, ariting from a tetiet of small eiplo- 
■ione, which follow one another in more or leti rapid tuccettion, at the tUM is 
ir lowered orer the gae flame. The upper part of the tube containt the 






This proves that water is formed by tlie combuilion cf hydrogen in 
air. Hence the name hydrogen given to the gaa (&om SBitp, water, 
and ftfyau, I generate), represented shortly by the symbol H. 

TTtHimniT —P'j'Jrnfi/n,. M A VBTy light gas. Wh«n pure it is 
eolourless, tasUie**, and inodorous. 

It M imflamtriahle, evolving much heat, hut giving UtfU light ; it 
does «ot support combustion. Water is formed by its eombuetion in air. 
Although it hat no poisonous properties, it cannot tupport life. 
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Ohafteb II. 
OXTOEN, NITROGEN, AIB. 



■zperlatent 9. — Heat a little mercury nearly to boiling in a tmall flask 

(Piff. 11) provided with a long glass tube, and 
shi£e frequently. The bright metal gets 
slowly coated orer with a reddish-yellow fflm, 
which, on shaking, adheres to tne sides of 
the flask, and, after heating for some hours, a 
portion of the metal is oouTerted into a red 
powder. ( Fhe Ta|)our of the metal mercury 
being poisonous, care must be taken not to 
allow any to escape into the room through the 
open condensing tube.) 

On weigbmg the flask and metal 
before and after the conversion of some 
of the latter into the red powder, an 
increase in weight is observed. A pon- 
derable snbstance most have been 
added daring the heating, which can 
only have come from the air. 

Bxperiment 8. — Introduce a weighed 
quantity of the red powder so obtained into a 
tobe. A, of hard Gherman glass (Fig. 12), and 
connect by means of a cork with a deliTeiy 
tube, which dips under wator in a pneumatio 
Fro. 11.-OX10ATI0II Of MBBouaT. trough, E. On applying a strong heat to the 
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tube in A by means of a Bunsen's gas burner, B, the air expands, and is forced 
out through the deliyery tube. After a little time a metallic coating is observed 
to form in the bend, C, and gas bubbles begin to come off* more briskly. Test 
the gas which bubbles up through the water in the pneumatic trough by bringing 
a glowing chip of wood near it. If the latter bursts into flame, this is due to 
the gas which comes off from the red powder, as air would not inflame 
it. A glass cylinder, D, full of wator is then inverted over the mouth of the 
delivery-tubei and some of the gas collected. The cylinder becomes sradually 
filled with a colourless invisible gas. The metallic mirror in the bend of the tube 
increases, and collects in heavy drops. This liquid metal is mercuiy. When the 
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1 little oounterpoiwd 
\. Somethin~ """ 
le cylinder. 

If the ezperimeiit be condacted with proper care, and in a per- 
fectly suitable apparatoB, it will be foand that 100 parte by weight 
of the red powder leave invariably d2'59 of metallic merctuy, or im 
the proportdon of 216 : 200, and consequently yield 16 parte by 
weight of oxygen gas from eveiy 216 parte of the red powder. 
The latter is a componnd of mercnry and oxygen, and ia oaUed 
mercuric oxide. 

What it tliie gas, and what are its propertiet ? 

Bj cloung tbe cylinder with k ranall glue pl»le, the gu can be remored with- 
oot lost, and on introducing a glowing taper or ignited chip of wood into it, the 
Uper or wood biinta into £me (Fig. IS), and bimu very brilliantlj. 

ThU gat, therefore, wupporU ccmbut- 
Hon mndi more readily than the air 
from which it was originally derived 
(comp. Exp. 7). It is called oxygen 
from ofu', SOOT, acid, and lewwau, to 
generate (because chemiste thought, 
at one time, that oxygen entered into 
tbe compoeitioii of every add), and the 
symbol O has been assigned to it. 

The metal mercury, symbol Hg, 
from hydrargyrum, by combining with 
tbe gaa oxygen forms an oxide, mer- 
corio oxide (red precipitete), and the 
symbol HgO, is nsed to express ite 
composition. 

ExperlMcnt B. — lotrodnoe a >msU 
piece of phoaphorua, dried between filter 
paper, into a poroelain crucible, which floata 
on water, aa leen in Fig. 14. Set Sre to tlie 
phoaphorui, and npjd^ invert an empty 
bell-jar over the buming phoaplionu, bo that 
tha combustion can only take place at the 
eipenae of tbe air confined over water under 
the bell-jar. The latter becomea filled with 
dense white fimise, which gtaduall^r sink 
down, and are absorbed by the water. A 
diniinDtion of aboot one-fifth in the Tolume ^ 
of the air takes place, and in proportion as 
the sir disappears, the water rises in the bell- 
jar. As soon as the combiutjon has ceased, Fia. 14.— ni 
the crucible may be removed from beneath 

tbe glass vessel. By slipping a glass plate over the mouth of the jar, it can 
be readily remorsd, and its contents examined. This is done by introducing 
a lighted taper into the colourless gas left in the bell-Jar. The burning taper is 
immediately extinguished. 

The gas, Uierefore, no loiter fUj^orU combustion. It is no longer 
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air. The phosphomB possessed a strong affinity for that constitaent 
of the air, which is alone capable of supporting combustion, viz., 
the oxygen, an affinity which is greater than that which the metal 
mercury exhibited in the preceding experiment. The air must, 
therefore, be a mixture* of a gas which supports combustion, viz., 
oxygen and another gas which does not sustain combustion. This 
latter has been called nitrogen^ t.6., generator of nitre, also azote 
(from a privative, and ^uTiiro'v, belonging to life). 

Air, according to this approximate determination, consists of 
about one volume of oxygen and four volumes of nitrogen. Exact 
experiments have shown that air contains : — 

By Tolume. By weight. 

Oxygen 20*9 23*2 

Nitrogen 791 768 

100-0 1000 

These prox)ortions of oxygen and nitrogen in air have, moreover, 
been found to vary but little all over our globe. 

The specific gravity of oxygen and nitrogen is readily deduced 

from these numbers, viz., — -- = 1*1, and e^-^ = '97. 

Air contains, besides these two constituents, a small proportion of 
a gas called carbonic anhydride,t and more or less vapour of water. 

The porcelain crucible generally contains some remnants of un- 
burnt phosphorus, which should be kept covered with water, as the 
affinity which phosphorus possesses for oxygen is so great that it 
cannot be kept in air, and great care ought to be taken to prevent 
spontaneous inflammation, whilst operating with it. Phosphorus 
should, therefore, not be touched with the fingers, but should be 
taken out of the water with a pointed knife, or a pair of crucible- 
tongs, and cut into small pieces of the size of a pea under water. 

The white fumes, or the product of the combustion of phosphorus 
in air, called phosphoric anhydridSj will be explained more fully 
hereafter. 

Expertaient !•. — ^Expose a few thin stripB of brisht metallic sodium to 
the air in a flat porcelain dish. The metal tarnishes rapidly, and becomes coated 
with a dirty white layer of oxide, by abstracting oxygen from the atmosphere. The 
metal sodium oxidizes, in fact, slowly in air. The crust of oxide attracts moisture 
from the air, and speedily deliquesces. Thick pieces of metal on becoming coated 
oyer with oxide thereby become protected from the further action of dry air. 
On removing the layers of oxide and dissolving them in a little distilled water, 
a clear liquid is obtained, which feels greasy to the touch, tastes reiy caustic, 
and turns red lUmua paper blue,X i-«-i it has an alkaline reaction. 

* When a mixture of nitrogen and oxygen, in the proportions in which they 
are present in air, is made, no chemical combination takes place between the 
two gases. The mixture has all the properties of atmospheric air. 

t This term is apphed to oxides which form acids by combining with water, 
or salts, when added to a base. It will be explained more fuUy in Chapter XI. 

X Litmus, a vegetable colouring matter found in many lichens, is employed 
for preparing test-papers. The blue colouring matter is eanly extracted by water 
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The powder is in fact an oxide of sodium, or sodou, also called 
caustic soda, and sodit hydrate. The symbol for sodium is Na ; from 
NcUrium, the name g^ven to the metal by German chemists. 

Instead of the metal sodinm we might have employed the metal 
potassium with similar results. An oxide of potassium, or potassa 
(potassic hydrate), would have been left in the dish. The symbol 
for potassium is K (from JToZwm). 

On account of the great attraction which these metals possess 
for oxygen, they have to be carefally kept in a liquid which does not 
contain oxygen, viz., petroleum. Sodium being so much cheaper and 
less oxidissable than potassium, is now almost invariably used, since it 
exhibits similar properties, only in a less marked degree. Sodium 
may be cut with a loiife, and can be handled with dry fingers, with« 
out danger of its bursting into flame from too rapid oxidation. The 
oxides of both metals attract moisture from the air most eagerly, and 
are gradually converted into thick oily liquids containing sodic and 
potassic hydrates. 

BzperlBient 11. — ^We are acqiminted with other metals which are acted 
upon by atmospheric air. A piece of magnesium wire or foil can be kept in the 
air without undergoing much change. It tarnishes only slightly. 

Hold the metiu, howerer, for a moment in a flame, and it bums most bril- 
liant] j, i.e., it depriyes the air of one of its constituents — Oxygen, with which it 
forms an oxide of maenesium or magnesia. Symbol MgO. The symbol adopted 
fi>r magnesium being Mg. 

The wire continues to bum after its removal firom the flame. 

Magnesia is a white earthy-looking powder, which is but little 
soluble in water, has only a feebly alkaline reaction on red litmus- 
paper, and little attraction for water. This experiment proves that 
the metal magnesium has at the ordinary temperature much less 
affinity for oxygen than either sodium or potassium. 

Metals which volatilize at a high temperature bum vividly, and 
with a flame, i.e,, in the finely divided con- 
dition of vapour they combine readily with 
the oxygen of the air. 

Bxperlment IS.— Heat metallic zinc in a porce- 
lain crucible over a gas flame (Fig. 15). It melts and 
becomes coated OTer with an iridescent film of oxide. 
On raising the temperature the metal Yolatilizes, and its 
fumes burst into a dazzling bluish-white flame, giving 
rise to white smoke of zincic oxide. Thin sheet-zinc 
bums in a Bunsen flame as fast as it melts. The oxide 
may be collected. It is not soluble in water, and shows 
DO action upon litmus-paper. 

The symbol for zinc is Zn, and for zincic 
oxide, ZnO. 

Bxpcrlaieiit 1S.~A piece of thin steel wire, when ^^„ ,. ^«w.«*««- «. 
kept in dry air, remams bright and unchanged. On xinc in aol. 




from the litmus sold in commerce— six parts of water to one part of litmus— or 

Teiy dilute solution of ammonia. Sheets of unsized paper are dipjied into the 

^ Altered solution and dried. To produce red litmus-paper, the aqueous solution 

' of the colouring matter is first turned red by the addition of a few drops of yery 

dilute sulphuric acid. 
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niung the Umpentnie of the win to int«iiM white heat, bjr holding it in 
the ume of a gu-burner, it begiui to bum, and to -caat off brilUknt ipaAi, 
i.e., the metal iron (steel ia Blmott pure iron) cvrobinea with the oijaen of the 
tiil at a whilt heal, and forms with it an iron oxide reKmbliiig the black iron 
Kales that fall from a smith's aoTiI wben a hot piece of iron is hammered out. 
On remoring the steel wire from the gas Same, however, the combustion ceases 
inunediatfll;. 

The symbol for this iron oxide ia FeiO*, the symbol for iron being 
Fe, from Ferrum. ThiB oxide is not solnUe in water, shows no 
alkaline reaction (in (act no reaction at all) with red litmos-paper, 
and IB only slowly affected by water to ifie presence of air and carbonio 
acid being converted into iron rugt. 

These experimente prove, then, that tbe metal iron has less affi* 
nity for atmoBpheric oxygen than either sodiom, magneBinm, or zino. 

Bxperlment 14. — Heat a piece of lead in nn iron spoon Over a gaa-bumer j 
the metal melts, the surface of the molten metal is at first bright, then beooraes 
ooTcred with a yellowish Him, 

The oxygen of the air by combining with the lead, forms lead 
oxide, or plnmbio oxide (from P/umium lead, symbol Pb), the 
symbol of which is PbO. It is insolnble in water, and has no action 
on litmna -paper. 

BxtferlneBt IS. — Hsat some bright oopper turnings in a gas flame, they 
beoome rapidly corerad with a black film of oopper or cupric oiide, CuO, (from 
Cuprmm, sjmbol Cu), which peels off readily (copper scales), and is obtained as a 
black povrder, insoluble in water, baring no action upon litinos-papers. 

The action of atmospherio air upon the metal copper may be 
illnstrated Airther by a simple experiment, showing conclusively that 
only one constituent of the air, viz., its oxygen, is capebla of combin- 
ing with tbe copper to form tbe black oxide of that metal. 

Bxperlment !•■ — Fill a glass combustion tube, s/, with bright copper turu- 
inga, and heat tbe tube inasmalloharoo«l(or,ifpnNnUBble, gaa)fDniace(Fig. 16). 




Pass a CDRMit of air from tbe gasholder, A. The air is made to pass through 

two U-tubes, T and T', before it enters the combustion- tube at e. The first 
U-tnbe contains small pieces of pumice-stone moistened with a solution of caustic 

Stash, which absorb* t!b« traces of carbonio anhydride contained in the air. 
e second U-tabe contains pumice-stone satonted with concentrated sulphuric 
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acid,* niiich poMeneB a powerfal attraction for water, and retaina erery trace of 
mobtnre which the air carries along with it. Connect a deliyeiy-tube with the 
end,/, of the combustion-tube, for the purpose of collecting the gas which passes 
off OTcr a pneumatic trough, as seen in Fis. 16. 

Fass air oyer the copper without appljmg heat to the tube. No action takes- 
place, the copper retains its metaUic lustre. Collect some of the air in a glass 
^linder orer water and introduce a lighted taper. The taper continues to bum 
^uietlj. B^sat the copper next to bri^t redness by heaping ignited charcoal all 
round tiie combuslion-tube. The metallic copper remains unchanged. Now turn 
on a slow current of air, and the metal is seen to blacken firom uie anterior end 
of the layer of copper turnings onwards. Collect the gas, which issues firom the . 
deliyeiy-tube nnoer water, in a glass cylinder, and test it a^ain by inserting a 
lighted taper : it no longer supports combustion, for the taper is extinguished. 

The gas is no longer air, it is in fact nitrogen gas. 

This constitutes, then, a ready method of obtaining pore nitrogen 

Fass air till the whole of the metaUic copper has been conrerted into Uie 
black oxide, which can readily be ascertained oy collecting firom time to time 
some of the gas orer water, and testing it with a lighted taper. The oxidation is 
finished as soon as the gas supports once more the combustion of the taper. 

By weighing the copper taming^ previous to their introduction 
into &e combustion-tube, and weighing again after complete oxida- 
tion has been effected, we find an increase in weight The copper, 
like the metal mercury in Exp. 7, has attracted some ponderable 
matter &om the air. The increase in weight remains proportionally 
the same, however frequently the experiment may be repeated. The 
weight of the metallic copper to that of oxide is as 100 : 125*2, or 
(for reasons to be explained hereafter) in the proportion of 63*5 of 
copper to 79*5 of oxide, i.e., 63*5 parts by weight of metal combine 
with 16 parts by weight of oxygen. 

Bxperlment 19« — Heat gold or platinum wire, or foil, in a Bunsen gas 
flame. Neither of these metals is affected by the oxygen of the air. 

Gk>ld and platinum exhibit, under these circumstances, no affinity 
for oxygen. 

Uummmrj. — Some metals ca/fi take Oxygen from the air and form 
Oxides. Combustion a/nd oxidation ore, chemically speaking, the sa/ms 
operation. Comhustion in air or oxygen does not imply destruction 
bat merely conversion of the combustible substa/nce into a new body^ 
into an Oxide. 

8om^ metals possess a great affinity for Oxygen, and form Oxides 
readUy ; other metals combine ivith Oxygen only al a high temperature ; 
others, again, do not combine directly with Oxygen at all, possessing 
hui a very feeble affinity for thai element. These latter metals are 
sometimes called noble metals. 

Atmospheric air consists mainly of two gases, of Oxygen and 
Nitrogen^ in the proportion of about one-fifth to four-fifths by volums. 
Oxygen sustains canibustion and animal life. Nitrogen is a non- 
supporter of combustion, and cannot sustain animal life. 

* The pumice-stone and sulphuric acid are heated together for a short time in 
a porcelain dish, and the excess of acid drained off before the U-tube is filled. 
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Propertiet of Oxygen. 

Experiment 7 haa ehown that oxTgen can be remoTed fmrn. 
atmoBphoric air, and obtained in a pnre state. It would, however, 
be both expensive and tedious to obtain large qnantities of oxygen 
ly the method described. We avail onrselveB in the laboratory, 
therefore, of the property which a certain s^t, called polassic 
ohloraU, possesses, of readily parting with its oxygen when heatod, 
leaving another salt, which does not contain oxygen, viz., potatnc 
chloride. This salt is as yet of interest to ns only as a convenient 
Bonrce of oxygen. 

BxperlMcnt IS.— 
EMt in ft FloTence fluk 
or tcBt-tube (Fig. 17) a 
few grammes of potowio 
cUonto, KOiCL Col- 
lect the gu ofer water 
by mF»ii* of tett-tubei, 
'lindeiB. By flirt 

quantJtj of red oiide of 
iron (irun nut) oi black 
oxide of maoganew iriUi 
' the powder, and heating 
euch mixture in the 
flaak, or teit-tnbe, a far 
more ready erolation of 
oijgen IB effected than 
by heating the wit bj 
itaelf. 
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For the ptnpote of colUcting a laxgtr Tolnme of na, auffioieDt for mtbtsL 

*- -'^ ia piefenble to «aiploT s gsihoUer, as ahown in Pig. IS. 

Bisniiiie the gu, it mil be found moat oonTecient to firat tnnifer 
n the naholder to a tubiilat«d beU-aUsa, closed bj meuit of k cork, 

„ d glMiuate. The jir is com pletoly filled underwater, in OteTeeielB 

of the gaiholder (Fig. 18). On placing it orer the centnl tube, which conneoU 
the lower Teaael A of tbe gasholder with the upper water reserroir B, and 
opeiuDg firat tba atopcxick at a, which allows the water to flow from B to ths 
bottom of Uie Teeeel A, and then the ■lopooelt at b, the column of water in B 
forces the gas rapidlj into the bell-jar. 

In the abeence of a gasholder, the gas may be directlj filled into the bell-jar 
or ^linder, from tlte evolution flaak or retort (Fig. 19). 





Tbe bell-jar containing the oxjgsn is then remoTed from die water. For this 
pnrpoae iU wide mouth la closed under water, bv dipping an (aTthenware plate 
or iron basin under it, and its contenta can now be examined at pleasure. 

BxperlMeBt !•. — A thin watch-spring A (Fig. 20) is fastened to a cork in 
the deflaermting collar B, which fits the mouth of t^ jar. The ateel spring must 
be heated fint, before it can be coiled up Into a spiral form. In order to cause 
the oijBen in the jar C to act upon the iron of the watch-spring, the temperature 
of the utter must be raised by faetening to the end of t^e w^ch-spring a piece 
of tinder or dry charooaL The tinder or charcoal ia ignited, the cork or glass 
plate of the hell-jar is remored, and the oork with tiie watch-spring rapidly 
Inserted. The tinder or charcoal, which at first only glows, bums Tiridlj, and 
qnickly lataee the temperature of the wstch-apring, till tbe latter huma likewise, 
•ad giTcs a most dauling light, throwing off sparks of melted metal and of 
oxide, which fall with a busing noise into (he water of tbe basin below. 

Di place of belt-glaasee, wide-necked bottles (Fig. 21) may alao be employed. 
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A little water ouglit then to be left in the bottle, sufficient to coyer the bottom, 
and to prerent the globules of molten iron from breaking the glass. 

This expenmeiit proyes that iron, which in the form of thin wire, 
can be burnt in air, by holding it in a gas flame, burns in free oxygen 
with great brilliancy, and gives off much heat. The product of its 
combustion in oxygen is the iron oxide FosO^. 

Bxperlment Stt.— Another bell-jar or bottle (Fig. 22) is filled in a similar 
manner with oxygen. A wooden corer is fitted to its mouth, through which 
passes a stout wire, to the lower end of which a small iron spoon is fastened* A 
few pieces of sulphur are placed in the spoon, and inflamed previous to their 
introduction into the oxjgen gas. The sulphur burns in the air slowly, with 
a pale blue flame. As soon as the ignited sulphur comes in contact with the 
oxygen of the jar, it bums brilliantly, with a dazzling blue flame. On ex- 
amining the jar after the combustion is over, a sufibcating gas is found to be 
left, haying the odour of burning matches. Introduce a piece of blue litmus- 
paper into the gas. It is turned red instantaneously. 

The gas is called sulphurous anhydride (SOg). 

Bxpeiiment SI. — Fill another bottle, or bell-jar with oxygen, and intro- 
duce in lil^e manner a piece of phosphorus, another elementary body, as we 
haye already seen, which possesses a great affinity for oxygen. The small piece 
of phosphorus to be employed is dried rapidly between folds of filter-paper, 
and then placed in the iron spoon, ignited, and rapidly introduced into the 
bell-jar. Phosphorus bums with most intense light m oxygen gas, producing 
at the same time great heat. Should any of the burning phosphorus be spurted 
from the iron spoon, and come in contact with the glass, it will cause the 
glass to crack, without doing, howeyer, any further faArm. The whole jar is 
filled with clouds of a heayy white compound, which gradually subside. On 
letting the jar stand for a little while, these white clouds disappear. They 
combine with the water, indth which they form an acid substance. Test the 
water with litmus-paper ; it turns blue litmus red. The liquid possesses an acid 
taste. 

The white compound formed by the combustion of phosphorus 
in oxygen gas is called jp^apAmc anhydride (PjOs). Tne product 
of the action of water upon this compound is called phosphoric aoid, 

Bxpeiimeiit SS. — ^Arran^ apparatus in such a manner as to pass a current 
of oxygen gas from the dehyery-tube of the gasholder oyer pieces of ignited 
charcoal placed in a piece of combustion-tube, connected by means of corks and 
india-rubber tubine into a glass cylinder, as shown in Fig. 23. Preyious to 
applying heat to uie charcoal, and before turning on the oxygen gas from e, 
introduce a lighted taper into the glass cylinder. 

It continues to burn. Apply heat to the tube where the charcoal rests ; 
it bcffins to glow. Now pass a sloto current of oxygen gas, the charcoal imme- 
diately bums most yiyidly, and the combustion goes on without any external op- 
plication qf heat. 

When the combustion has proceeded a few minutes, introduce the lighted 
taper again into the glass cylinder which receiyed the gaseous product of com- 
bustion. The light of the taper is extinguished. The gas in the cylinder is 
neither air nor oxyeen. A series of burning tapers fix^ on wires at various 
heights may also be mtroduoed into a second wider cylinder. The taper placed 
lowest will be extinguished first, then the next aboye it, and so on, till all are 
extinguished. The charcoal in the combustion tube is gmdually consumed and 
carri^ away as gas. 

It bums at the expense of the oxygen, i.e., it combines with the 

latter and forms an oxide of carbon, called carbonic anhydride (COs). 

This experiment proves then clearly that the colourless gas 
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which resnite from the combnstion of carbon in oxygen doet not 
mtpport eon^uttum. 




Bxperlaent SI.-~Collect Kime of tho gu m a cylinder over nm wstar 
in k pnenmBlic trough. BtrmoTe the cjlinder when full of ga* fav elomiii: it with 
ft glua pUt«. Pour the gu into another cylinder in which % tmtil burning taper 
ii pieced. The t«per it eitinguiihed, and it cen be clearljaeen how the carlxniio 
ftnbjdrids bj felling through the »ir of the npright cylinder, st &nt foro« down 
the fleme, till at U*t it entirelj eitingni^ea it. 

This proves that carbonic anhydride is heavier than air, and that 
it consequently falls through the air. 

Expertaicnt 14.— In like manner fill a itoppered glau cylinder with 
cmrbanio anhydride, close the mouth with the groond Rlau itapper under water, 
and remore the cylinder to a trough contuning eold, but recently boiled 
water. Open the cylinder under water. The water riMi slowly, the gai being 
abeorb«d by the water. Thie abaorption may be accelerated by TigoroneW 
■baking. ^Die water now taitei ilightly add, and a etrip of blue litmuj-paper u 
■lightly mldeiMd. 

This prorea that carbonie anhydride m aisorbed by toater, and thai 
iU toltUion it a weak aeid, which is called earb<»iie acid. Natural 
waters contain carbonic acid. 

BxyeiiMeat SS. — Pan the carbonic anhydride generated by the oombot- 
tion of charcoal in oiygen from the combaetioo-tubei directly into a teet-tube 
oonlsining lime-water {i.e., a clear aolution of alaked lime in water). The fint 
babble! cauM a milkinesa, and in a few minute* a quantity of a heavy white 
powder !■ formed, which on interrupting the current of gu, gradually falla to the 
Ixittom of the teit-tube. Tfaii powder is erideutly the reault of Uie action of 
the gai upon the lime diseolved in the water. If the ^e ie paaaed lomewhat 
longer, the white powder gradually diuolTee ajain. Thii proves that the latter 
" —'">■'- =" eicew of cartionio acid. On adding lime-water, the clear liquid 
more milky. The *ame happens when heat is applied. In the 
oe of the gae ii seen to come otT. 
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16 VOLUSTK OOMBDJATION OF HYDROGEN AND OXTOEN. 

It haa been alieady eltown that water is formed hy the combtiB- 
tion of hydrogen in air, and that a jniitare of hydrogen and fur, 
when ignited, explodes with great violence and lormB water. A 
mixtnre of hydrogen and oxygen gas explodes with still greater 
yiotenoe, especially if the mixture consists of one Tolome of oxygen 
to two Tolnmes of hydrogen. 

The beat prodnced by the combostion of oxygen and hydr(^en 
is very great. A jet of oxygen directed into a flame of hydrogen 
caiuea anfBcient beat to melt a platiniun wire. 

BzparlHent >•.— Soak a good aizod bladder in water till it ii quite uft. 
Inaert into the neck of the bladder T a tube provided *itb a itopcock r, ihoini 
in Fig. 24. A tubul&ted bell-jar is Stted with aatopcocki. 
Bj plunging the jar C into the water contained in the upper 
Teaael B of the gaalioldBr, it can be filled entirely with water 
bj simply opening the »t«poock at >, and allowing the air to 
escape. The itopcock is then shut off and the beli-jar oou- 
neated with the tuba of the empty bladder by meoni of & 
piece of india-rubber tubing. 

The bpll-jar is next filled with oxygen, as described under 
Bxperiment 18, By opening the stopcocks i and r, the gu 
is transferred to the bidder V. 

By filling and discharging in like manner the same bell- 
jar twice with hydrogen gas from another gasholder filled 
. with hydrogen, the bladder can be charged with a mix- 
ture of one part by lolume of oiygeu, and two parte by 
Tolume of hydrogen. Acoording to a beautiful law of 
' '0 gases rapidly difl\ue and intermingle 
_ __j .L , ., Mj^b, 




t intimately, and the gaseous contents of the 

now constitute a highly eiplosire mixture, the eiph 



□atore of which may be shown by filling soap-bubbles with tbe gas. A solu- 
tion of soap and glycerine is most suitable for this purpose. The cup at the 
upper end of the tube which delivers the gas from the bladder, is dipped into 



the soap- solution. The stopcock is then opened, and, by applying a gentle 
pressnre to the bladder, a babble can be blown and shaken off by a slight 
side-morement of the tube. The bubble ascends mpidly becaiue the gnaeoua 
mixture with which it is charged is lighter than air, and can be exploded by 
applying a light to it a* it ascends. Each bubble burata with a sharp report. 

If no gasholdcn ore at the operator's disposal the two gase« xaaj also be filled 
in the pruper proportions, one after another, directly from the generating Qaak 
and retort into the bell'jar, which for this purpose is divided into three equal 
parts, and is placed full of water over a pneumatic trough. 

This experiment shows that hydrogen and oxygen do not com- 
bine at the ordinary temperature, bnt if the temperature of a 
very small portion of their mixtare be raised by applying a light 
to it, the heat which ia produced by the chemical combination 
of hydrogen and oxygen commnnicatea itself with great rapidity 
to the rent, and the whole mixtare explodes. Water is formed by 
the combination of two Tolomes of hydrogen and one volnine of 
oxygen. 

The combination of hydrogen and oxygen in these proportions 
can be shown in many other ways, bat the highly explosive nature 
of the mixtnre renders it advisable for the operator not to attempt 
at first any more elaborate experiments. 

Some of the elementary bodies hitherto ti«ated of possess pro- 
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perties which appertain only to metcUs, others again lack finch 
properties entirely, e.g., carbon, snlphnr, phosphoms. These latter 
bodies are called non-metals or metalloids,* Some of the elementary 
gases already examined, viz., oxygen, hydrogen, nitrogen, belong 
likewise to the non-metals. 

■mniiuay. — Pure oxygen combines energetically with metallic as 
weU as nonr-metallic elements. Oxygen mixed with nitrogen^ as in air^ 
combines less energetically. The nitrogen acts as a dUuent, 

Heat is produced by the combination of oxygen with other elementary 
bodies. Such combination is frequently accompanied by the phenome* 
non of light. 

The oxides of metallic todies are solid "bodies, either soluble in waler 
and of a caustic or aUcaline nature^ or insoluble in water. They are 
also called bases. 

The oxides of non^metaUio bodies are either gaseous, liquid, or solid 
bodies. They dissolve for the m^st part in water, and mxiny possess 
add properties. 



Chapter HI. 



CHEMICAL REACTIONS (Combinatioiis and Decom- 

po8itioxi8> ELEMENTS. 

Wateb is a liqnid body at the ordinary temperature. If the tem- 
perature fSall below Centigrade (32** Fahrenheit) this liqnid 
solidifies and becomes ice.\ Again, if the temperature of the water 
be raised by the application of heat, the liquid becomes converted 
into water vapour, or steam. That temperature is indicated on the 
thermometer scale at 100** Centigrade (212° Fahrenheit) at the 
ordinaiy atmospheric pressure. Water remains unchanged in com' 
position, i.e., it is still composed of hydrogen and oxygen, in the 
proportion l^ volume of two to one respectively, whether it exist in 
the solid, liquid, or gaseous form, as ice, water, or steam. It merely 
changes its state of aggregation, and this change is dependent upon 
a loss or gain of heat idone. It is a mere physical change. 

The metal sodium in Experiment 1, on being brought into contact 
with water, decomposed it rapidly. Hydrogen gas was evolved, and 
the oxygen went to the metal sodium, and formed with it a new 

* From iikraWoVi metal, and cUoc> form. It is difficult to draw tho 
line of demarcation between metals and metalloids very sharplj. Metais 
are opaque bodies, haying a peculiar lustre, known as metallie lustre, and are 
good conductors of heat and electricity. Metalloid* do not possess these pro- 
perties in the same degree. 

t Water may be cooled to — 12* C. without freezing, if it be left perfect!/ 
undisturbed. 

G 
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body, soda, or an oxide of sodinm, differing essentially in its properties 
from tlie metal itself. Such a change is no longer a mere physical 
change, it is called a chemical change. A new "body ivaa formed^ 
viz., soda, by the conibinatian of two distinctly different bodies : the 
sodimn, in £a^, entered into chemical combination with the oxygen. 

In Experiment 8, we saw that red oxide of mercury, when heated, 
gave off oxygen gas and mercury. One uniformly constituted body thus 
broke up under the ivifluence of heat, into two new bodies, differing 
entirely from each other. The chemical change arose from the break- 
ing up of one body into two. It was a chemical decomposition of a 
compound body into its constituent parts. Chemistry deals thus 
with simple bodies and compowid bodies. A compound body which 
consists only of two simple bodies, is called a binary compound. 

Water is a binary compound, and so are the metallic oxides 
called bases, e,g., cupric, feme, plumbic oxide. The names of binary 
compounds are constructed by using the names of the metallic 
element adjectively with a terminal ic, and giving to the non-metallic 
element the terminal ide. Carbonic anhydride is a binary compound, 
for Experiment 22 has shown that it is the result or product of the 
combination of the element carbon with the element oxygen. All 
combinations of oxygen, either with metals or non-metals, are called 
oxides, and the chemical change which gives rise to the formation of 
oxides, is called oxidation. Since at least two substances are required 
to produce a new body, the one acting or reacting upon the other, 
such chemical changes are also called reactions, and the bodies which 
act or react chemically are termed reagents. 

By way of chemical decomposition simpler substances are obtained 
from compound bodies, as in the case of red oxide of mercury, yielding 
oxygen and mercury. Metals and metalloids are always simpler bodies 
than their oxides (bases, acids). The question naturally arises, what 
are the simple bodies which constitute these metals and metalloids P 
The answer must be, that it has hitherto been found impossible to 
decompose these bodies into simpler substances. Such substances, 
then, which cannot by any known process of decomposition in the 
present state of chemical knowledge be split up or decomposed into 
still simpler bodies, must be taken to constitute ahsolviely simple 
bodies. It does not, however, follow that at some future time means 
and ways may not be discovered, whereby these metals and non- 
metals may be decomposed into still simpler bodies. Such abso- 
lutely simple bodies for the time being are called elements. They 
form the basis of all chemical compounds. 

The endless variety of animate and inanimate forms in nature 
might at first sight lead us to think that there must be an innu- 
merable host of elements, and that to fathom them all in their 
manifold and varying characters must be all but impossible to 
the human mind. Does it not strike us, for instance, that the 
infinite varieties of form, colour, odour, taste, Ac., which consti- 
ttite the main portion of our experience as regards matter, must be 
due to an equally varied number of elemental constituents ? And 
yet there are but a few elements which, by combination with 
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each other, make np all the objects that snTroimd ns in nature — 
from the wonders that lie hidden beneath the surface of the earth, 
even to the very glories of the distant star world above. Althongh 
we are as yet very fiur from knowing every chemical compound that 
exists iiuiatore, it may safely be stated that no element of any import- 
ance ha» escaped the searching eye of the chemist in that portion of 
oitr globe which is accessible to chemical investigation. 

The result of such investigation has proved that only a limited 
number of elements exists. Up to the present time we have become 
acquainted with 62 elements, of which about one-half occur in nature 
in such small quantities, and so locally, that a limited share of use- 
fulness only can be ascribed to them in the mineral kingdom, as well 
as in the economy of animate life. Others again are of the utmost 
importance, and appear to pervade almost every nook in nature (viz., 
oxygen, hydrogen,, carbon, iron, aluminium, calcium, potassium, 
sodium). It will on this account be quite legitimate if a larger 
share of our attention be bestowed upon these. In the following 
table, arranged in alphabetical order, the 36 most important ele- 
ments are distinguished by black type ; those next in importance, 
10 in number, by italics ; whilst the rest of the elements which 
occur, either to a very limited extent in nature, or of which 
we possess as yet a very imperfect knowledge, are printed in small 
ordmary type. The Latin names — ^a few of Qie names are of Greek 
origin, but have become latinized — are given wherever the English 
names of elements differ therefrom. Chemists have, moreover, 
adopted a kind of symbolic language by writing merely, as has 
already been shown, in the place of tibe full name, the first letter of 
the Latin name of each element. Sometimes, for the sake of distinc- 
tion, the first and second letter, or the first letter together with some 
leading letter out of the middle of the Latin, are used, thus Sn standa 
for stannum, tin ; Pt stands for platinum ; Pb for plumbum, lead ; As 
for arsenic. 



Table of Chemical Elements. 



jUVBilBilUB . . 

Aattmony (Stibium) . . 
AracBle 
B«riim 
ivtii 



CatfmliuB 

Gftesiam.. 
Caldi 



Cerium . . •• 

Cfelortne 

Clir«BiliUB 

Co%alt.. 

<:«wer (Cuprum) 

Didymium 



Symbol. 

Al. 

Sb. 

As. 

Ba. 

Bi. 

B. 

Br. 

Cd. 

Cb. 

Ca. 

C. 

Ce. 

CI. 

Cr. 

Co. 

Ou. 

Di. 



SymboL 

Fluorine F. 

G-lucinum .. .. .. Gl. 

OoM (Aurum) Au. 

Hytfrosen H. 

Indium .. .. .. .. In. 

lotflne I. 

Iridium . . . . . . . . Ir. 

Iron (Ferrum) Fe. 

Lanthanum .. .. .. La. 

Lead (Plimibum) Pb. 

JjUhimm . . . . . . Li. 

MoffnesliuB Mg. 

Manvuieae Mn. 

Mercnnr (Hydrargyrum) . . Hg. 

Molybdenum .. .. Mo. 

Nickel .. NL 

Niobium ^^ 

c 2 
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Tablb of Chemical Elbhints (conimued), 
SymboL 



Symbol. 



lVltros«n 


• • xf. 


■troBtlnm .. 




.. Sr. 


Osmium . . . , 


.. Os. 


Sulphur 




• • »• 


Oxrven 


.. O. 


Tantalum . • 




.• Ta. 


^Palladium . . . . 


.. Pd. 


Tellurium , . 




.. Te. 


Phosphorus. . 


.. P. 


Thallium 




.. Tl. 


Platinum 


.. Pt 


Tborium 




Th. 


PotMslBUi (Kalium) 


■ ■ XLm 


Tin (Stamkum) 




. • So. 


modium 


• • Bb. 


Titanium 




.. Ti. 


Bubidiam 


• t Bb. 


Tungsten (Wolfiramium) 


. • W. 


Butnemum 


.. Bu. 


Uranium • • 




,. TT. 


Selenium . . . , 


.. Se. 


Vanadium 




.. V. 


•lUeon (SiUciom) . . 


.. Si. 


Yttrium • • 




.. Y. 


•llTer (Argentmn) . . 


.. Ag. 


Sine . . 




.. Zn. 


•odium (Natrium) . . 


,. Nft. 


Ziroonium 




.. Zr. 



r.— -O^n^dtf in the mere state of aggregcUion of bodies are 
termed physical ehauffes. 

Changes which give rise to a new body or bodies, differing essen- 
tially in properties from the original bodies^ are called chemical 
changes. The new body or bodies may be formed — Ist By the com- 
binoMon of two (or more) simple bodies, pejfeethf distinct in their pro* 
perties; or, 2nd. By the decompositi-on of a compound body into two 
(or more) simpler bodies, differing 171 properties from the former. 

Bodies reacting upon ea^h other are termed reagents. The change 
itself is called a reaction* 

Bodies which cannot be decomposed by amy known process into 
simpler bodies, differing essentially in properties^ are called simple 
substances or elements, 

8ixty4wo elements are knovm up to the present time* 



Chapter IV. 



REDUCTIONS. CHEMICAL AFFINITT. 



Oxides are binary componnds. Most oxides hitherto referred to were 
obtained bj a simple process of addition of element to element. 

A further step towards enlarging onr chemical knowledge will 
naturally be gained by ascertaining whether these binary compounda 
can be broken up into their component parts or elements ; whether, 
in fSact, the elements contained in oxides can be isolated a>gain, Gh&- 
loical processes of this kind are termed reductions. 
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Experiment 8 showed clearly that heat alone can split np an 
oxide into its two component elements, into mercnry and oxygen. 
Beductions of so simple a nature are, however, rare; and it happens 
more frequently that the affinity which holds elements together in 
binary compounds is much greater than what we find in the case of 
the red oxide of mercury, and that heat alone cannot overcome it. 
In such a case we make use of the stronger affinity which a third 
element may possess for one of the elements of a binary compound. 

Adhesion or cohesion exists between bodies or parts of bodies and 
enables them to hold together without altering their properties and 
to remain wJicU they are. A chemical change, we have learned, pro- 
duces new bodies, different in properties from the original bodies. 
Hence a chemical compound must form a far more intimate 
combination, and the union of the elementary component parts 
must necessarily extend to the smallest possible particles of the 
body. On this account a distinct name has been given to 
this uniting force, viz., chendcal affinity. It may be defined as 
a force which draws together the elements of a compound^ firmly 
linking particle to particle, and which opposes itself to their 
separation. 

Experiment 10 has shown that sodium and potassium possess a 
greater liking or attraction or, as we must now call it, a greater 
affinUy for oxygen than either magnesium, iron, lead, mercury, or 
oopper. We infer therefore that it will be easier to remove the 
oxygen from mercuric oxide than from soda. This is actually the 
case, as Experiment 8 proved. If only a slight or weak affinity has 
to be overcome between the elements composing a binary compound, 
as in the case of mercuric oxide, heat alone may overcome the force 
which is opposed to their separation. If, on the other hand, the 
elements of an oxide are held together by a powerfdl affinity for 
each other inherent in each element — although heat will certainly 
Kelp to overcome the opposition — to overcome it entirely we must call 
into action other elements possessing a still stronger affinity for one 
or other of the component elements of the oxide. Now, to discover 
the different degrees of affinity which different elements exhibit 
towards one another, and to be able to select the right element for 
the purpose of breaking up a binary compound, is a matter of pure 
experiment. Such knowledge, in fact, constitutes our chemical 
experience. It is possible to reason from a knowledge of well- 
established affinities and frequently to predict by reasoning from 
analogy, what changes will take place when an element acts upon a 
binary body. The experience gained by the few simple experiments 
which have hitherto been described has already taught us that 
potassium, sodium, and phosphorus possess great affinity for oxygen. 
Next to these we must classify sulphur, carbon, hydrogen, magne- 
sium, aluminium, zinc, iron, tin, lead, copper, mercury, silver, plati- 
num, gold ; and we perceive at once why silver, platinum, and gold 
are noble metals, namely, because of their extremely slight a££uty 
fior oxygen. 

Bxyerimciit S9.— Introdaoe some cupric oxide or black oopper scales (bo^ 



BEDUOTION OF OUPHIO OXIDE BY HYDBOOEN. 



D t, bnlb-tube of hard glMa, and pMi dtv h;dn>gm 
1 Fig. 2G. For thi* pnrpoM the gai niaj be genented 




from tine and dilute Iijdrochloric acid in the Wonlfe'* bottle A. Oommercial 
BUG u, BovBTer, Dever obtained pure, but contaiDB uiTariabl; amall quan- 
tities of carbon and >ometimea of araenic and Bulpbur j which fonn gaieoua 
bjdrogen oomponnda poeeeasing a Terj diaagreoible odour. In order to 
remove tbeee impuritieB, the hjdrogen gas u pawed through a Woulfe'a 
bottle B, containing water — a >o-caUed wiwh-bottle — and then mrough seTeral 
U-tubea, C D E> filled with Btaall piecea of pumice-atotie, before it paaaea 
OTBT the cupric oxide in F. The pumioe-atone in the fint T7-tnbe it moialeDed 
irith a ooncentrated lolution of caustic potash ; that in the eeoond with a aolution 
of oarroeiTe sublimate j and that in the third with coocentraled aulpburic acid, 
which retains eierr tnce of moisture which the saa carries with it. The cupric 
oxide in F ia healed b; a spirit lamp or gas jet ; and is connected with a amall two- 
necked receiver Q, in which the greater part of the water which is produced br 
the deoiidatioo or reduction of the cupric oiide is allowed to condense, and with 
> U-tube H filled with pumioe-stoue eoaked in ooncentiated lulphurio acid which 
absorba the remaining water. 

Tbv bulb - tube is &nt weighed empt;, then with its charge of about 
4 grammca (or 60 grains) of proTiouilj ignited oxide. The difibreuce in the 
weight girea the amount of cupric oxide. As soon as the air has been com- 
pietelj displaced from the tube, tlie gaa which iaauea from the glaaa jet / ma; be 
lighted and heat applied to the cupnc oxide. When the oxide has become suffi- 
Oiently hot, a change is observed.. It begins to glow, the bjdrogeQ flume booomes 
smaller and emaller and dies out at laat. Moisture condensea in the two-necked 
receiver Q and in the U-tube H, the weight of which haa been previously ascer. 
tained. If the lamp be remored &om time ta time the formation of steam 
oeases and th« hydrogen can be lighted again. B^ continuiiiB the application of 
heat, whilst paaaing a slow current of hydrogen, it is poeaibie to obtain finely- 
divided metallic oopper in the form of a red spongy powder. The experiment ia 
continued till the whole of the oxygen of the cupric oxide has gone to (he hydro- 
sen to form water. The bnlb-tube is allowed to oool in a current of dry hydrogen. 
It is then disconnected, the hydrogen di^ilaced by dry air, and the liulb-tube 
weighed again aa speedily as possible. The differenoe in the weight indicates 
the lot* which the cupric oxide has aoflfered. 
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The loss is the same, however often the experiment may be 
repeated. It is in the proportion of 79"5 to 63*5, or, if we express 
it in percentage nnmbers, every 100 parts by weight of cupric oxide 
lose 20*13 of oxygen. 

It is obvious that the water left in the receiver O and the U-tnbe 
S mnst be the restilt of the oxidation of the hydrogen gas by the 
oxygen removed from the cupric oxide. The increase in weight, 
which can readily be determined by a second weighing, consists 
in fact of the oxygen so removed, and the hydrogen with which 
it combined to form water; and for every 8 parts by weight of 
ponderable matter lost by the cnpric oxide in the bnlb-tnbe F, we 
find an increase of 9 parts by weight in the receiver G and U-tnbe 
H. We are therefore justified in concluding that oxygen and hydro- 
gen combine in the proportion of S to 1 by weight to form water. 

This experiment proves clearly that the affinity which hydrogen 
possesses for oxygen is not sufficient to break up cupric oxide (a 
binary compound) in the cold, but only when aided by heat. On 
comparing the change that took place when red mercuric oxide was 
heated, with the change which took place when hydrogen was passed 
over cupric oxide, two things become apparent, viz. : — 

1st. Both changes are reductions. 

2nd. The second reduction is accompanied by an oxidation. 
Chemically combined oxygen, as well as free oxygen, or oxygen 
mixed, with nitrogen as in air, can therefore oxidize hydrogen and 
convert it into water. 

It is of interest, moreover, to observe, how a gaseous body^ 
oxygen, becomes converted into a solid by combining with copper \ 
and on leaving the copper and combining with the gas hydrogen, 
is converted once more into a gaseous body, steam, which con- 
denses into a liquid body, water. 

The oxidation of the hydrogen by means of the oxygen in the 
cnpric oxide, is termed an indirect oxidation. 

Other metallic oxides can, in like manner, be reduced, and this 
process of reduction Ib actually resorted to when pure iron and zinc 
nave to be prepared. 

Some oxides, such as magnesia, soda, potash, cannot, however, be 
reduced in this simple manner. These metals have too strong a hold 
upon the oxygen ; or, in other words, the chemical affinity which 
they possess for oxygen is greater than that which hydrogen possesses 
foT oxygen, even when aided by strong heat. 

From Experiment 1, we have seen that the affinity of the metal 
sodium for oxygen is sufficiently powerful to decompose water, t.e., 
to deprive it of its oxygen, and thereby liberate the hydrogen in the 
gaseous form. The oxidation of the metal sodium was in that 
case likewise an indirect oxidation. 

KzpcrlBieBt S8. — Introduce into the bulb of a hard glass tube (Fi^. 26) a 
•mall piece of sodium, and pass slowly over it dry carbonic anhydride, ob-. 
tained as shown in Experiment 22. No change takes place. Heat the metal 
eontained in the bulb. It is rapidly converted into the oxide of sodium or soda 
at the expense of the oxygen of the carbonic anhydride, and carbon separates 
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and ramainB intixnatdy mixed up with the oxide. AUow to oool and add a 
little water. The soda diMolres and the carbon floats on tiie liquid and may be 
separated bj filtration. , . 

This experiment, viewed in 

connection with Experiment 22, 
proves that carbon can be oxi- 
dized directly by passing oxygen 
over charcoal heated in a tube of 
hard glass; and that the carbonic 
anhydride so formed can indi- 
rectly oxidize sodinm, leaving 
free carbon. 

It becomes also apparent that 
the metal sodium possesses a 
Fio, 26.— BiDuciioK OF CO, BY BODifTM. strongcr chemicsl affinity for 

oxygen than the non-metal car- 
bon; and yet sodium and potassium are obtained in the metallic state 
by this very action of carbon upon the oxides of these metals. Here 
then is an apparent contradiction. 

It may be readily explained, however, if we take into account 
the part which heat plays in these reactions. Carbonic anhydride 
vields up its oxvgen to the metal sodium, when the latter is gently 
heated, as in the preceding experiment, because at this temperaiure 
the affinity of the sodium for the oxygen is sufficiently excited to 
cause the decomposition of the carbonic anhydride. The finely- 
divided carbon does not, however, react upon the sodic oxide 
formed, the heat not being sufficient ; but if a mixture of soda and 
carbon be exposed in an appropriate faniace, and in suitable iron 
vessels, to a strong heat, the affinity of the carbon for oxygen becomes 
stimulated to a sufficient degree to deprive the sodic oxide of its 
oxygen. The gaseous product of the indirect oxidation of the carbon 
escapes, together with the vapour of the metal sodium. The latter 
can be condensed into a soHd body, whilst the carbonic oxide can 
no longer exert any action upon the metal at a low temperature. 
Such chemical changes depend upon reciprocal affinities. 
Phosphorus, we have seen, possesses, like sodium or potassium, 
a strong affinity for oxygen.. But by mixing its oxide, phos- 
phoric acid, or substances containing phosphoric acid, such as 
ground bones with charcoal, and exposing the mixture in an iron 
retort to a strong furnace heat, phosphorus distils off, and can be 
condensed in water, whilst the oxides of carbon escape as gases. It 
is evident then that the easy volatilization of sodium and phosphorus 
facilitates the process of reduction ; whereas metals, such as magne- 
sium and aluminiimi, which possess less affinity for oxygen, but 
volatilize ^th more difficulty than sodium or phosphorus, cannot be 
reduced from their oxides by the action of carbon. 

Uiammmrj, — Oxides are binary compounds, formed by the direct 
or indirect comhinaiion of oxygen with another element. The opera^ 
Uon by which a compound body is resolved into its elements is caMed a 
reduction (resoluMon), 
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The force which draws together bodies of the same or of a different 
chemiccd nature^ cmd which opposes iiself to their separaMon^ is cdUed 
tiMailcal alllBltjr. 

The intensity of a chemical reaction depends vpon the strength of 
ike chemiccd affinity which exists between different kinds of elementary 
matter. 

Elements which possess the greatest affinity for oxygen constitute 
ike most powerful reducing agents, 

A reduction is frequently effected by the displacement (substihUion) 
of one element in a binary body by another element. 

Such displacement depends not only upon the degree of affinity, but 
also upon the temperature, state of division, 8fc,, of the bodies reacting 
vpon each other. 

Beactions are termed iredproeal, when the result of one reaction 
eonstituies the basis or starting-point of another, e.g., 

AB + C = AC + B 
AC-|-B = AB-|-C. 



Chapter V. 

BEDUCTION B7 MEANS OF BLBCTBICITY 

(Electrolysis). 

Thb redactions hitherto studied have been of a twofold natnre : 

1st. A simple decomposition of an oxide by heat into its 

component parts or elements. 
2nd. A decomposition by the aid of an oxidizable body, either 

without heat or assisted by heat. 

Electricity furnishes us with additional means of splitting up 
many chemical compounds into their elementary component parts. 
Voltaic electricity* is almost exclusively used for this purpose. 

Od plunging the electrodes of a voltaic batteiy (consisting of 
two zinc-carbon cells at least) into water to which a few drops of 
sulphuric acid have been added, decomposition of the water takes 
place. Oxygen escapes from the positive electrode connected with 
the carbon end, and hydrogen from the negative electrode ocmnected 

* The student should study in some good manual of Natural Philosophy the 
laws of the electric current, and make himself .familiar with t)ie apparatus 
employed for producing Toltaic electricity. 
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ELB0TB0LTSI8 OP WATSH. 



with ihe Emo end of the battery. If the end of the wire of the 
positiTe electrode cotiBists of a readily oxidizable metal, such u iron 
or copper, no oxygen is evolved, as the gae combines with the metal 
the moment it leaves the hydrogen of the water, and forms with it 
an oxide. Hydrogen, on the other hand, is evolved at the negative 
pole in the free state. In order to obtain oxygen likewiBe in the free 
state, pl&tinnm electrodes are employed, and both gases can thus be 
collected either separately or mixed together in the same veseel. 




■XVeriaieMt ••.— A Bnull bottle (Fig. 28) is fitted with t coA and a Bhoit 
gUu tufa«, bent at t light angle. Two plMinum wires pats likewise thrangh tb« 




d with addtt' 

with the voltaic batte'rj. Goa bubblei are instanlanHiuil; seen to form o 

Slatinum itripa, and to detach thenuelvei gradually ; thej rise throuih the 
quid and escape through the delirwr-tube into the cjlindar, C, placed full of 
wat«r over the pneuinatia bYingh. The gas so collected detonates with great 
violence when a light is applied to it. 

It constitntes, in fact, an explosive mixtnre of two voliunes of 
hydrogen, and one volome of ozygen. 

■xperlMmt ai. — These volume proportdooi are shown bj intFodnoing the 
platdnum electrodes, retting on a ^ece of gutta-percha, into separate ojlinden 
of equal diameter, as shown in Fig. 29. The gas arUing from the negaUre 
electrode occupies twice the space from that given off at the positive electrode. 
On eiHnining the gaaes in the unuJ way, bj applying a light, the larger volume 
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of gu bum irith the characterutia Qame of bydi'ogeii j tlie tnuUer Toliune doM 
not tniRi,bnt luppoiti combiution j it i* oxygen gu. 




UBt SI.— In order to ahov that the gasei eroWed at the poaitire and 
Deganve electrode olwaji oome off m the pmportum qf 
eae volume of oxfgai to two volumtt of kgdrogen, an 
^tpaistns proposed b; Dr. Hafioann (Fig. SO) maj be 
med vrith great advantage. It cocstBta of a U-tubo, ood- 
Beeled from ita bend witU an equally vide long upright 
tube. The two tubei of the U-tube end in two nsrrow 
tube*, prorided with glata etopcookg. The apparattu 
Sllad with acidulated water, ao that the U-tube a qn: 
fall op to the itopcocka. The main tube must be long 
anoi^ to receive the liquid contained in both lioiba ^ 
the U-tabe. The two electrodes are introduced from 
below into the U-tube. On oompieting the circuit oijgen 
it eeen to be eTolrad at the poaitive and h^dn^en at the 
neptiTe pole ; the quantity of the former i>, moreoTer, 
Men to he always jurt double that of the latter gae, 
howerer mnch or however little water we maj decom- 

KB bj the voltaic' ourrent. The Eaaei collected in the 
be of the U-tubee are teeted by opening the itop- 
ix>ckj, applying aucceaaivety a glowing cnlp of wood or a 
lifted taper to the g>« which inuea from the nairow 
tabe. 

Oar attention is at once fixed in the two last 
ezperimenta \ry the wnstant vohtme proporti 
in which the l^o gases are obtained on electre- 
Ijstng water. In &ct, as often as the experi- 
ment is repeated, ond Tolnme of oxygen and 
two Tolnmes of hydrogen are invariably ob- 
tained. We hare, uien, a right to infer that the 
two gases are really combined in water ' 
proportJons. 

BxperlaiCMt SS.— It remaina now only to . . . 

hydiufBU and one volume of oxygon, when mimd and exploded in a eudiometer- 
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tube,* a (Fist. 81), combine in the tbij tune p roportiona to form water. We 
emploj for £is purpoee a narrow glass tube, a, aocuratelj graduated for holding 
the explosive mixture, and place the tube in mercurj contained in the glass 
cylinder 0. The electric sparx is made to pass between two platinum wires, fused 
into the upper part of the tube at b and e, which nearly touch each other within 
the tube, and end outside in two small loops, one of which, b, is connected by 

means of a small chain with the outer coating 
of a Leyden jar, charged with electricity : and by 
touching the other loop, c, with the knob of the 
jar, a spark passes through both platinum wires, 
and fim the gaseous mixture. 

The heat which is produced by the chemical 
combination of the hydrogen and oxy^n, mo- 
mentarily expands the two gases considerably. 
The eudiometer should, therefore, never be 
more than half full of gas, and should, moreover, 
be pressed down firmly upon an india-rubber 
pad at the bottom of the mercury. As soon as 
it has sufficiently cooled, the steam condenses on 
the sides of the eudiometer, and the mercuij 
rushes in and fills nearly the whole of the space 
-. . occupied previously by the two gases. 

This leads ns to oonsider the combining relations between ele- 
mentary bodies ; of which, in the processes of oxidation and reduction 
hitberto studied, no account was taken, viz., the qtumiitatlve propot' 
iions in which elements combine. The combination of ws^r bj 
volume may be represented by the following scbeme : — 
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H, 
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The small squares are made to represent the volume units 
of the elementary gases; and to represent water symbolically we 

fibould write 0^) or OHj, the formation of water by the combina- 
tion of oxygen and hydrogen being expressed symbolically by the 
equation — 

-f Ha = OH,. 

Now if two elements such as oxygen and hydrogen are found to 
combine invariably infixed vohmves, it is clear that these two gases 
must also combine in fixed proportiona by weighty for each of these 
gases has its own weight or specific gravity. Hydrogen Kas a 
specific gravity of 0*0693, and oxygen of 1*1056. when compared 
with air; hydrogen is therefore 16 times lighter than oxygen, 
thus: — 

1*1056 _ ,g 

00693 
If 1 litre of hydrogen gas weighs 1, a litre of oxygen must 



* So called firom i v^ia, calm air, and ftirpov, a measure. 
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weigh 16, and since always two parts by volume (2 litres) of 
hydrogen are required to combine with one part by volume (1 litre) 
of o^gen, two parts by weight of hydrogen will be necessaiy to 
oombme with 16 parts by weight of oxygen, and in order to express 
Bymbolically the combination by volnme and by weight by one amd the 

tame nekeme or formulctj water is written 0^, or OB^ in whioli 

formula each H not only expresses hydrogen, bat one part by weight 
and one part by Yolmne, and the O not merely oxygen, the element, 
bnt 16 parts by weight and one part by yolnme of oxygen. 
Water is then composed as follows : — 

By volnme. By weight. 

2 vols, of H 2 parts by weight of hydrogen. 

1 vol. of O 16 parts by weight of oxygen. 

Or in 18 parts by weight of water (say 181bs.) there are — 

21b8. of H, and 
161bs. of O ; 

and as this composition of water is constant^ we can readily calcn- 
late from these figores how mnch hydrogen or oxygen is contained 
in any given quantity of water. 

In order to know, e,g,, how much hydrogen is contained in 
lOOlbs. of water, we have the proportion — 

18 : 2 :: 100 : aj 

X ss 11*11 lbs. of hydrogen. 

The percentage composition (by weight) of water is therefore — 

Hydrogen 11 11 
Oxygen 8889 

100-00 

Now, in Experiment 27 we likewise obtained water, as the product 
of the reduction of cupric oxide in a current of dry hydrogen goBy 
and we found that the oxygen and hydrogen comHned in the pro- 
portion of 8 to 1. 

It is obvious, however, that the water so obtained had the same 
composition as the water decomposed by electrolysis in Experiment 
32, and we have, therefore, no hesitation in altering the above 
figures to the proportion of 16 of oxygen to 2 of hydrogen, so ds to 
repretfent by the same formula, vohinie combination as well as combvnor' 
Uim by weight, 

•nmnuaT.^— FoZtotc electricity constitutes a powerful reducing 
{resolving) agent, 

Qaseoas elements combine in very simple definite proportions by 
volume and by weight These proportions are eoBstmnt. 

Symbolic representation of chemical changes embraces by one and 
the sams formula both volums comhination and combinalion by weighU 
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Chaftbb VI. 

OONBTAMT OOMBININO PROPORTIONBi ATOMS 
AND MOLECULES, ATOMIC AND MOLECULAR 
WEIGHT. 

Wfl have just established ezpeiimentally that the oombination by 
Tolnnie of hydrogen and oxygen remains invariably the same, 
whether large or small volnmes of the two gases enter mto chemical 
oombination, that the combining ratio of two volumes of hydrogen 
to one volume of oxygen gas remains in fact constant^ and that the 
combining proportion by weight must, for the same reason, be like- 
wise constant, viz., as 2 to 16. 

We can conceive, moreover, that chemical combination does take 
place between minutely small proportions by volrune of the gaseous 
bodies hydrogen and oxygen — ^between quantities far beyond the 
reach of experiment — and yet be convinced that all such combina- 
tions, even between the smallest imaginary gaseous particles of these 
elementary bodies, must take place in a like ratio of two volumes of 
the one to one volume of the other, and that the water so formed 
must possess properties perfectly identical with those observed in 
the water resisting from the combination of large volumes of hydro- 
gen and oxygen. It can be proved experimentally also that when a 
mixture, containing an excess of either element, is esfploded in a 
eudiometer, chemical combination takes place only so far as to 
satisfy the requirements of this law of definite proportions, viz., be- 
tween two volumes of hydrogen and one volume of oxygen ; and 
the portion of the element that happens to be in excess of this ratio, 
will remain in a free or an uncombined state mixed with the aqueous 
vapour. The combining proportions remain constant. 

The composition of water by weight and by volume is capable of 
being demonstrated by the two methods usually pursued in chemical 
investigations : viz., by the analytical* method, for we can break up 
water (comp. Experiment 32) into its constituent parts ; and by the 
9ynthetical'\ method, for we are able to obtain water by the direct 
union of the two gases hydrogen and oxygen in the eudiometer 
tube. We have learnt to destroy water and build it up again. The 
means at our disposal for proving the chemical composition of water 
are in fact more ample than those we possess for demonstrating the 
constitution of most other bodies. We can break up bodies readily 
enough into their constituent elements, but are sometimes unable to 
build them up again. 

If water, then, results from the chemical combination of smallest 
particles of two kinds of gaseous elementary matter in immutably 

* From avakvciCf a looeexung. t From cbvOioi^^ a putting together. 
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constant proportions, it may legitimately be conceiTed, that chemical 
combinatLon always takes place between such smallest particles of 
matter, and that every process of chemical combination between 
large or small bnlks or yolnmes of gaseons matter is, in fact, merely 
a repetition of a process of combination between smallest possible 
gaseons particles or yolnmes ; also, that chemical bodies generally 
consist of a nnmber of smallest particles of matter, capable of 
entering into combination with smallest particles of other kinds of 
elementary matter. 

We have no conception what these smallest particles are, nor do 
we know what is their size, shape, etc. Matter itself being as vet 
nnknown to ns, need we wonder that the very existence, size, 
shape, etc., of the smallest particles of matter should not be capable 
of experimental demonstration ? Where experiment fails to tnrow 
light upon the absolute nature of the constant chemical combining 
proportions, and can at best only supply us with relative data, 
hypothesis steps in. 

DaUon assigned to the smallest particles of matter, between 
which chemical action takes place, finite proportions, and called 
them cUoms;* assuming them to consist of the smallest particles of 
elementary matter which are capable of existing in chemical comhu 
noHon, According to this theory, known as the atomic theory ^ all 
elementary matter consists of atoms which, on entering into combi- 
nation with other atoms of similar or dissimilar elementary matter, 
form molecules, i. e., little masses from moles, a mass. A molecule 
of matter is the smallest quantity of a substance — elementary or 
conmound — which is capable of existing in the free state. 

The weight of hydrogen which combines with or is expelled 
firom other gaseous, liquid or solid elementary matter, being re- 
latively smaller than that of any other elementary body known to 
US, has, on this account, been adopted by chemists as a convenient 
unit or standard for determining the relative combining weights of 
elementary bodies. The smallest proportion by weight in which an 
element enters into or is expelled from a chemical compound — the 
smallest weight of hydrogen so entering or leaving a chemical com- 
pound being chosen as xmity — constitutes the relative combining 
weight of such element. The observationf that the weight of an 
element in the form of gas or vapour, under like conditions of 
temperature and atmospheric pressure, occupies the same volume as 
one part by weight of hydrogen, corroborated the relative combining 
weight. These proportional numbers are called atomic weights. 
They are purely arbitrary numbers. The atom weight of any other 
element might have been chosen as the standard — ^in fact, oxygen 
at one time constituted the standard and had the combining weight 
100 assigned to it — without in the least disturbing the law of 
constant combining proportions. By making the atomic weights 

* From aro/ioc, indiTisible. 

t Other considerations hare guided chemists in Uie determination of atomic 
weights upon which we cannot, howerer, touch, as we lack as jet the neoessazy 
experimental data. 
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of oiiher elements the standard of comparison, as many series of 
atomic weights might be obtained as there are elements; and jet all 
wonld sati^ the requirements of the atomic theory, since they 
wonld all express correctly the relatlTe combining weights of element 
ta/ry hodiea. 

In water, we have already seen, there are two parts by weight of 
hydrogen — or as we mnst now caU it, two atom weights — combined 
with 16 parts by weight or one atom weight of oxygen, the gaseons 
atom oxygen weighing, as we have seen, 16 times heavier than 
an atom of hydrogen. !bi like manner we have found by experiment 
that the metal mercury combines with oxygen in the proportion of 
200 to 16 and we have no hesitation to assign to the metal mercury the 
atomic weight 200 : that is to say, one atom of mercury, weighing 200, 
by combining with one atom of oxygen, to form 216 parts by weight 
of mercuric oxide, takes the place of two atoms of hydrogen in water. 
Copper, we have seen, combines with oxygen (compare Experi- 
ment 27). The increase in weight was invariably as 63'5 of copper 
to 79'5 of the oxide. The atomic weight of copper mnst therefore 
be 63*5 ; t.6., one atom of the element copper, weighing 63*5, entered 
into combination with 16 parts by weight of oxygen and replaced 
two atoms of hydrogen in water. 

It is obvious that we should have no difficulty in fixing the 
atom weight of copper if this elementary body could be obtained 
like hydrogen in the gaseous condition. We should simply have to 
determine the specific gravity of a given volume, say one litre of 
gaseous copper, and divide the weight of such volume by the 
weight of an equal volume of hydrogen. We should next have 
to double the number so obtained, because the atom copper 
takes the place of no less than two atoms of hydrogen. We can 
conceive, however, that the oxygen gas which existed in a solid 
condition in combination with the metal copper, and which was 
removed in Experiment 27 by the action of the gaseous hydrogen in 
the form of water, leaving behind solid metallic copper, was attacked 
by one hydrogen atom after another, and that for every two atoms 
of hydrogen, with which an atom of oxygen combined, one atom or 
63'5 parts by weight of copper were set &ee, so as to leave for every 
79*5 parts by weight of cupric oxide which were acted upon, 63'5 
parts by weight of metallic copper, and 18 parts by weight of water. 
If, then, combination between smallest particles by weight of oxygen 
and hydrogen can be conceived, it is equally conceivable that 
smallest particles (or atoms) of the solid body copper were com- 
bined with smallest particles (or atoms) of oxygen, and that the 
binary compound cupric oxide consisted likewise of smallest particles 
(or atoms) of copper and oxygen, combined in immutably constant 
proportions by weight. 

Now, in anticipation of experimental confirmation, we may say 
that the same holds good for other elements. The atomic 
weights were found to difier for every element, and had to be 
determined in every single case by experiment. Such quantitative 
experiments are among the most difficult and delicate chemical 
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Operations ; let it ffoffioe, then, to remark that the law of combina- 
tK)n according to constant proportions by weight and bj volnlne, has 
been established ezperimentallj with the utmost precision, and that 
we shall have freqnent opportunity, as we enlarge onr knowledge of 
chemical compounds, to satisfy ourselves of its perfect consistency. 

The symbols which have hitherto merely represented the indi- 
Tidual elements gain thus in interest, since they not only recall the 
name of the element, but indicate at the same time one atom of such 
element, together with its particular comMning weight and, with few 
exceptions, its combining volume. 

The following tables give the names, symbols, and atomic 
weights of the 36 most important elements : — 



Nok-Metallio Elements (Metalloids), 



Oiysen O 

Bnlpbnr S 

Chloriiie CI 

Sitmuno • • • Br 

Iodine I 

nnoriiie . . . . • F 



16 
82 

85 

80 

127 

19 



Nitrogen N 14 

Phosphorua. P 81 

Oarbon C 12 

Boron B 11 

SiUoon Si 28-6 

Hydrogen H 1 



Metallic Elements. 



UsHt Hctaii 

Potasnmn .. 
Sodium .... 



ICagnerinm. 



Barium .. 
Sbontinm. 
Ckldnm. .. 



Aluminium, 



K 

Na 



Ba 
Sr 
CW 

Al 



89 
23 



Mg 24 



187 
87-6 
40 

27-6 



HeaT7* Hetalfl : 

Chromium 

Iron 

Zinc 

Manganese 

Cobflit 

Nickel 



Tin 

Gold . . . . 
Platinum. 



Lead 

Mercury .. 

Silrer 

Copper... 
Uadmium 
Bismuth . . 
Arsenic .. 
Antimony 



Cr 
Fe 
Zn 

Mn 

Co 

Ni 

Sn 
Au 
Pt 

Pb 

Cu 
Cd 
Bi 
As 

Sb 



62-6 

60 

66 

66 

68-8 

68*8 

118 

196-7 

197-4 

207 
200 
108 

63-6 
112 
208 

76 
122 



Combination by volnme, we have seen, takes place in accordance 

* 19ie metals which possess a higher specific graritj than 6, and which are 
not acted upon, at the ordinary temperature, by the oxygen of the air, are called 

hesvymetus. 

D 
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with the law of constant combining proportions by weight ; i.e., two 
Tolmnea of hydrogen will invariably combine with one rolnme of 
oxygen to form water (steam). 

What Tolnme, however, does the steam so formed occupy F 
This qnestion can only be answered experimentally. 

In order to measure the volume of steam left m the eudiometer* 
tube (Experiment 33), hydrogen and oxygen gases must be exploded 
at a temperature at which the steam produced cannot oondenae. 
Dr. Hotinann haa devised an apparatus* which accompliahee this in 
a very el^ant manner. 

BxperlMeat a4. — A mixture of two Tolumcs of hydrogen and one votnme 
of oijgen it introduced into a U-tube (Fig. 82), the eudiameter-tube ii, hoverer. 




nuTonnded b; a jacket 

meant of coru. The t , 

made to paM through the intenening 



jacket connatiDK of a wider ^sm tuba filed over it air tight by 
of coru. The Tapour of amjho aloohol, a liquid boiling at 132° O., la 



made to paM tbrough the interrening apace, and the gueoua mixture ai 
thm rapidlj a tempenture of 18S* C. It ia then exploded in tlie usual m 
The two gasea combine and form water, which remains, howeter, a« ateam, 



ateam, and ia 

the two limba of the appamtua ia equalized, to ocoupj 

of hfdrDgen and oijgec occupied 



found when the pmaure 

onlr two-thirda of the Tolume which the 

before eiploiioi 

Consequently three volumes of gas contract into two voii 



E-H = E3 



A molecule of steam occupying two volumes is, therefore, made 
* Modem Chemiitrf, page (3. 
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up of two Yolomes of hydrogen and one volmne of oxygen, and the 
weight of one volume of steam mnst be the weight of one volome of 
hydrogen and half a volnme of oxygen, or 1 + 8 = 9. The specific 
gravity of steam is therefore 9; i.e., one litre of steam is nine 
times as heavy as one litre of hydrogen gas — the nnit of comparison 
adopted for gas volumes — and its actual weight will be found by 
multiplying the weight* of a litre of hydrogen '0896 grm. by 9 

•0896 X 9 = -8064 grm. 

A similar contraction of volume frequently takes place, when 
other gaseous mixtures combine chemically ; the resulting gaseous 
volumes are (with a few exceptions) two- volume vapours. 

Compound bodies can have no atom volume, they possess only 
molecular volumes. Hence if we wish to compare gaseous elements 
and compounds with each other, we have to adopt molecular weights, 
both for elements and compounds, as the measure of the combining 
quaQtities. Thus, in order to compare the volume of the element 
hydrogen with the gaseous compound body, steam, we have to com- 
pare the molecular volume of hydrogen with the molecular volume 

of steam — 

I. 

and 

Other reasons, also, to which we cannot refer here, render it 
desirable that hydrogen, when regarded in relation to other gaseous 
bodies, should be expressed as the molecule H H, or Hj, and not as 
H, the atom. The same applies to other gaseous elements. Since 
the volume of a gas varies with the pressure of the atmosphere and 
the temperature, these molecular gas volumes would necessarily be 
of variable dimensions, a conception which runs counter to the idea 
we have formed of the constitution of atoms and molecules. All 
gases expand, however, under the influence of heat in the same ratio. 
For every degree of the centigrade thermometer scale above 0** C, they 
expand '3665 per cent., or, less accurately ^^ part of their bulk at 
0^. The average weight of the atmosphere at the level of the sea 
is that of a column of mercury 760 millimetresf high. Now, ac- 
cording to the law of Boyle and Marriotte, the volume of a gas is 
inversely, and its density directly as the pressure which it sustains 
if the temperature remain constant. We have, therefore, no difficulty 
in reducing gases to the standard agreed upon by chemists, viz., a 
temperature of 0° C. and 760 mm. atmospheric pressure, at whatever 
temperature or barometrical pressure they may have been 
measured. 

SxAMFLB. — ^A gas Tolame, say 100 cubic centimetaies, was measured when 

* Dr. Hofmann assigned the name crith (from KpiOijy a barlejoom) to the 
weight of 1 litre of hydrogen, '0896 grm. at 0^ C, and 760 mm. barometrical 
preseu^. 

t The student should make himself familiar with French weights and 
measures. (See tables in Appendix.) 

I) 2 
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the temperature of the gas waa 15* C, and the atmospheric prefsme 770 mm. 
"What Tolume will the gaH oocap7 at 0* C. and 760 nun. pressure ? 

Correction for temperature^ 

loc. at 0« expands into 1 + (16 x -OOSOeS) at 16** C. 
1054975 : 1 : : 100 : « j; - 94*7889 oo. 

Correction for pressure — 

760 : 770 : : 94*7889 : x. Ans. « 960860 cc. 

Multiple Proportions, — If the conoeption which we have ac- 
quired of atoms be correct, it follows of necessity that onlj whole 
or undivided atoms can combine with each other. There is no 
reason, however, why several atoms of one element shonld not be 
capable of entering into combination with one or several atoms of 
another element to form a new compound. 

With the experimental data which are at present at our com- 
mand, we must content ourselves with merely stating that sulphur 
and oxygen combine in the proportion of one atom of sulphur to 
two atoms of oxygen to form sulphurous anhydride, SO3 (Experi- 
ment 20), two atoms of phosphorus with five atoms of oxygen to 
form phosphoric anhydride, P2O8 (Experiment 21), carbon with 
two atoms of oxygen to form carbonic anhydride, CO* (Experi- 
ment 22), and we shall hereafter have to consider many more 
instances of combination in multiple proportions of a similar 
nature. We shall abo shortly learn that sulphur can combine 
with three atoms of oxygen, and carbon with one atom as well as 
with two, that in fact several combinations are possible between 
two elements, without prejudice to the law of constant combining 
proportions by weight. 

There exist scarcely any chemical elements between which at 
least two combinations conld not take place, whilst there are 
many elements which can combine with others in three, fonr, five, 
and more proportions. As the number of atoms accumulates in 
a compoond, its molecular stmcture becomes more and more 
complex, but the combining proportions by weight and by volume 
stand in a simple ratio to one another, and will be invariably 
multiples of the simpler combining proportions. 

Snminarj. — imw of Constant Combining Proportions. -AU 

elements combine according to constant proportions hy weight. His 
lyumbers which express the respective weights of the elements so com* 
hifUng are proportional n/umbers. The nnlt of eompnrlson a^ccepied 
hy chemists is the weight of hydrosen, on account of its being less tha/n 
that of any other element. 

The smallest proportion hy weight in which a/n element enters into 
or is expelled from a chemical compound constitutes its atonde welcht, 
the weight of hydrogen heing taken as unity. 

An atom is the smallest particle of matter capable of entering into, 
oir existing In a state of cfccmleal eomlilnntlon* 
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A aioleeale m the smaUeat paHicle of matter capable of exUtmg 
!■ tlie irt% state. 

A molecule consists, except in a few ca^es, of at least two atoms. 
The aioms of ea^ih hind of isolated elementary maUer exist, with few 
exceptions, in conibination with each other or a/re associated m pairs, 
and constitute then an elementanr molecule. 

The aioleeiilar welsht of a compound is, with few exceptions^ 
identical with its atomic weight. 

The aioleeiilar Tolnme of a compound equals, with very few excep- 
tions, the molecuUvr volume of hydrogen at the same temperature and 
pressure. 

Hence the lau) : — ^Bqaal Taliunes of all gases aad Tayovrs eoatain 
a* tke saaie teaqperatare aad pressare aa equal aumber of atoleeales, 
and the molecules of all compounds in the gaseous or vaporous condition, 
no matter how greal may he the aggregate vohims of their constituents, 
occupy, with very few exceptions, one uniform volume, when compared 
ai the same temperature and pressure, viz., thai of two volumes, or one 
molecule of hydrogen. 

I<aw of Haltlple Proporttoas. — When two elements combine with 
each other in more than one proportion, the qtuintities hy weight of the 
one element, which combine with a constant quantity of the other, are 
invariably integer multiples of its smallest combining quantity. 



Chapteb VII. 

SXTLPHUB— Its Properties.— BXTLPHIDEB. 

OxTOEN is one of the most widely difixised elemonts in nature; 
it forms a most important constituent of a gp*eat portion of inor- 
ganic or mineral nature, and is likewise of paramount importance 
in the animal and vegetable economy. We have seen that it 
combines chemically with other elements— often with great 
energy — and that it forms compounds of a well defined chemical 
character. 

No other element equals oxygen in this respect. Many, especi- 
ally the metals, possess only a limited combining power, and 
among the metalloids there are only two, sulphur and chlorine, 
which, if we merely consider their power of forming well 
characterized inorgamc chemical compounds with other elements, 
axe of like importance. 

Sulphur is at the ordinary temperature a solid body of yellow 
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colonr. In commerce it is com.moiily obtamed in the form of 
fiowers of sulphur or roU »ulphur (brimstone). 

Bxperl^CBl SC — Flower* of lulphur can be lieated orer boiliiu wtar in 
an open Teuel, «^., s poroelsm dUh, without melting, it merelj ngslutinstes ; at 
111-6° 0., howeter, it meUa to a honey- 
like liquid, □□ heating somewluit more 
Btronglj (to 260° or S60° C.) the ooloor 
chmgea to red brown, almoet black, uid 
the hquid becomes Tery Tuoid, <o thkt 
the open feRsel m&j be turned npeid^ 
down without any of the liquid eulphur 
rammig out. If flulphnr bo heated in 
a retort (Fig. 83), the nme change! 
will be observed, and if the application 
of he«t be oootinued longer no further 
change of colour is •een,but the sulphur 
beoomeB ten Ti»cid, and begins to sub- 
lime, and at about Uif C. it boils and 
distils. The liquid sulphur is allowed 
to drop into water. The strings of dis- 
tilled sulphur remain for seTenJ dajs 
quite soft and elastic. 

Sulplinr occurs in Datnre more 
or leee pnre in the free ata-ie, 
particnlarlj in volcanic regions, 
e.^., in Sicily and other places. 
It may be purified by dtttiHalion* from any mineral non-Tol&tile 
ingredients with which it occnre mechanicsily mixed. By far the 
greater quantity of salphnr is, however, found in nature in the com- 
bijted state, especially with metals (as blende and pyrites) uid witJb 
oxygen and metals (ea metallic Bolphates). 

Heated in air, or in oxygen gas, snlpbor bursts into flame at 
about 270° C, and bums with a pale bine, slightly lominone flame, 
forming stUphurona anhydride (comp. Exp. 20), which ia readily 
rAognieed by its odour. One atom of sulphur combinee inva- 
riably with two atoms of oxygen. The change may be expressed 
symbolically — 




- O, : 



■ SO,, 



i.e., 32 by weight of snlphur combine with 2 x 16 
= 32 by weight of oxygen to form 64 by weight 
of sulphurous anhydride. It may be instructive to 
prove synthetically by a simple experiment the 
volume composition of sulphurous anhydride. 

Bxpertnent Sfl.— Fill a glass flask, best a litre flwk 

(Fig. 84), orer mercui;, with ^j oxygen gas. Introduce ■ 

piece of sulphur, placed on a small iron cap fastened to an 

iron wire, and igmte the sulphur within the flask bj means 

_ ofa ooncaTe mirror and aunlight. The sulphur can only 

or BO], burn at the expense of the oijgen. It forms, as we already 

* This chemical operstion effects the separation of a lolatile from a less 
Tolatite or filed body. The distillbg apparatus must be prorided with a«>m(»it«r 
if the aubatance beoomes Taporited at a low temperature. The produot of th« 
distillation, called diitiUait, is collected in a rweiTer. 
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know, snlphmouB anhydride. The bulk or yolnme in the flask remained the 
■ame — no ezpaniion or contraction took place. 

This proves that snlphiiroTifi anhydride contaiiis its own bnlk of 
oxygen. 

Now the weight of snlphurous anhydride gas compared with 
atmospheric air has been carefoUy determined. It is 2*247, air 
being 1. If we deduct, therefore, from the weight of one volmne 
of the gas (represented by the nmnber which expresses its specific 
g^vity compared with air, viz., 2*247), the weight of its own bulk 
of oxygen (density 1*106), we must obviously get the weight of the 
sulphur contained in the same volume of sulphurous anhydride — 

Weight of one volume of sulphurous anhydride 2*247 

oxygen 1*106 



» 



» 
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A figure which pretty closely expresses the weight of i volume 
of sulphur vapour (the specific gravity of gaseous sulphur being 

2*21, as compared with air), viz., — ^— = 1*105. 

Half a volume of sulphur vapour cannot, however, enter into 
chemical combination, any more than half atoms can exist ; and we 
get, therefore, by doubling the volume proportions — 

1 volume of sulphur vapour and 

2 volumes of oxygen gas ; 

which we may express thus — 



Q 






= 




S Os 










The molecular weight of SO, is 32 + 16 x 2 =: 64 and 1 b'tre 
must weigh 32 times as heavy as 1 litre of hydrogen or 32 x "0896 
grm. = 2*8672 grms. 

Nearly all metals are capable of uniting directly with sulphur, 
when heated with it, or when the vapour of sulphur is passed over 
the ignited metal. The metal mercury alone combines with sulphur 
in the cold, on account of its being a liquid at the ordinary 
temperature. 

Sulphur forms with Metdls Sul^phides* 

Bxperlment S>y.— C>pr»c tulpMde may be formed by heating together 
■nlphur and copper turnings in a flask (Fig. 86). The sulphide so obtained is a 
Uack hard substance insoluble in water — 

Cu + S - CuS. 

Natiye copper sulphides are found in ComTrall and other places. 
Bxperlment S8.— Heat in a test-tube (Fig. 36) a Uttle sulphur tiU the 
•nlphur yapour fills the greater part of the tube, then introduce finely-granulated 
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lead or tm, in small quantitief at a time, and heat it atiU more. Oombination 
between the metal and the sulphur takes place. A sulphide of lead or tin is 
formed according to the equations : — 

Pb + S = PbS 
8n -f Ss» SnSs, 





Flo. as.— rBsrAmATxoir or oupbio 

■UU^HIDB. 



Fio. 86.— nsr ABATioa 

•OLFBIDB. 



the plumbic sulphide being left as a non-crystalline, dull-black mass ; the stannous 
sulpnide as a greylBh black mass. 

Lead is found in nature chiefly in combination with sulphur aa 
Oalenaj PbS. Tin occurs most frequently as oxide, but likewise as 
sulphide (together with copper, iron, and zinc). 

Bzpeilaieiit S9. — ^A thin plate of wrought-iron (not cast-iron) is heated 
orer a Bunsen lamp to white heat, and the heated part rubbed orer with a 
piece of roll-sulphur. Combination between the metal and the sulphur takes 
place. A ferrous sulphide peels off, and the plate appears as if burnt through. 
The sulphide is black and insoluble in water — 

Fe -h S « FeS. 

The natural compounds of sulphur and iron, such as iron pyrites, 
are of considerable interest. 

Experiment 40.— When iron pjritta, FeS^, is heated in a test-tube or a 
piece of combustion-tube closed at one end, out of contact with the air, it parts 
with one-third of its sulphur. The change is expressed by the equation— 

SFeS, « S, -t- FegSf. 

The sulphur sublimes and condenses in the upper part of the test-tube or 
ignition-tube, in orange-coloured drops, which solidify on cooling into yellow 
masses of solid sulphur. 

Experiment 41. — One part by weight of sulphur and about six parts by 
weight of mercury (»•«., atomic weights of sulphur. » 82 and of mercury »■ 200) 
are rubbed together in a mortar. The httle globules of mercury gradually dis- 
appear and a black powder is obtained. A partial combination takes place when 
the mercury and sulphur are rubbed together for seyeral hours. As rubbing 
alone cannot, howeyer, unite mercury and sulphur thoroughly, the black mass is 
cautiously heated in a porcelain dish or crucible, when furuer ohemioal combina- 
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turn takes place with stight ezploeions, a dear inrtanoe of the difference between 
mere meeluuaical mixture and chemical combination. Merourj and lolphnr 
form mercnric sulphide. A similar reaction takes place when sulphur is melted, 
and fiye to six tunes its weight of mercuiy graduallj stirred mto it, till the 
folphnr begins to get yiscid. Combination taJ^s place accompanied by a flash 
of Ught and a slight report, and not unfrequently some of the mixture is Tiolentl^ 
ejected firom the crucible. The mass which is left is dark red. When cold it 
may be pulrerized, and on mixing it with a little sulphur and heating in a flask 
witn a lone neck loosely closed with a conical piece of charcoal, tl^ meroorio 
sulphide sublimes as a fine red powder, called cimuihar, 

Ciimabar is also found as a mineral. It is insoluble in water. 

Sulphur eomhines Uhewise with MeiaUoids, 

The oomponnd which it forms when bnming in air or oxygen, 
9u., snlphnrons anhydride gas, has already been noticed. Another 
gaseoos componnd of sulphur is of great import-ance, viz.^ the com- 
pound which it forms with hydrogen, called sulphuretted hydrogen, 
or hjdn'c sulphide. These two elements combine^directly with each 
other ; but only under exceptional conditions. 

BxperlBteiit 4S. — ^Treat some ferrous sulphide* — (or any other sulphide of 
tlie same group of metals,) — ^with dilute hydrooiloric add or sulphuric add in a 
generating flask (Fig. 87). A colourless gas is eyolyed possessing a most foetid 
odour — 

FeS + 2H01 « Fed, -f SH,. 

Sulphuretted hydrogen may be collected oyer 
tepd water. It is a combustible gas, for 
as soon as a lighted taper is brought into con- 
tact with it, the gas Dursts into flame and 
bums (where it is in contact with the air) 
with a fine blue flame. The hydrogen is 
burnt or oxidized into water— 

O + H, « OHj, 

and the sulphur into sulphurous acid gas — 

S + O9 » S0«, Pio* ST.— nsPABATioir or suufHUSE ri sto 

BTAIOOSV. 

the presence of which makes itself rapidly 
perceptible by its pungent and suffocating odour. 

When sulphuretted hydrogen is inhaled in somewhat large quan- 
tities it acts like a poison. Small animals die in an atmosphere con- 
taining as little as -rsW ^ nVv ^^ ^^ poisonous gas. It is found 
wherever decomposition of organic compounds containing sulphur 
takes place, e,g., in sewers. Cold water absorbs from 3 to 4 times its 
volume of this gas ; and a solution of sulphuretted hydrogen in water 
forms one of the most important reagents in the laboratory. It is, 
however, rapidly decomposed when left in contact with air, finely 
divided white sulphur being precipitated. 

If we examine into the combination by volume which took place 

* Vatiye iron pyrites (FeSj) cannot be employed, because it is not acted 
upon by dilute hydrochloric or sulphuric add. The ferrous sulphide (FeS) is 
pepared by fusing in a Hessian crucible, heated in a flre, a mixture of 7 parts of 
iron filings or turnings and 4 parts of sulphur (t. 0., atomic weights of iron » 66 
and sulphur ■* 82) > 
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between snlphar and hydrogen, we have no difficulty in recogniainff 
a resemblance between the conatitntion of water, OHi, and tbat of 
enlpbnretted hydrogen, SHj. The latter gaa may in feet be viewed 
as anlphnr water, or water in which the atom (or volniae) of oxygen 
haa been replaced by an atom (or TOlnme) of anlphnr. 







0' 



Its molecular weight ia 32 + 2 = 34. One litre of anlpbnretted 
hydrogen compared with the volnme nnit (one litre of hydrogen) 
weighs 17 times as mnch, or 17 x -0896 = 1'5232 grm. The 
specific gravity of snlphiiretted hydrogen compared wim hydrogen 
is therefore 17, and when compared with air 1'199. 

The great affinity which metals posseaa for anlphnr enables na to 
separate most metals from their saline solntions in the form of 
snlphides. 

Bx^rtmeBt «S.— OiBeolve a tew crjttals of tlie foUowi 
in dialilled vater (solutioni 2 and 3, with the addition of 
and paes lulphuretted hjdrogen gaa throogh their aoluti 
or bottles fitted with doablj-perfomted oorki (Fig. ' 



well-knovn mlU 
little ammonia), 
using te«t-tub«( 




1. Blue Titriol (or cnpric lulphste) 

2. Wbit« Titriol (or zincic sulphate) 

3. Qreen Titriol (or feiroui ■utphoite) 

4. Su(^ of lead (or plumbic acetate) 

5. Alum 

6. Epaom lalt 



metal aiid fonni & 



Result. 
a black precipitate. 
a white precipitate, 
a black precipitate, 
a black precipitate. 

QQ precipitate. 
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kffinit; for inlptmr to fonn a (olphide in the wet waj. 

Moat metallic BulpMdes (the alkaline aulpltides excepted) are 
either insolable or irith diCGcnlty soluble in water; and it is obvioiu, 
therefore, -wHt a precipitate appeared, as soon as the snlphor of the 
snlphnretted hydrogen combined with the metals copper, ainc, iron, 
<»lead. 

SobUion, prtdpUation. — We have just seen that bodies may be 
diasolved in water, forming what is termed a simpU aol-utvm. The 
Uqaid in which the solntion is effected is termed a tolvent. Water 
(distilled) is most fi-eqnently employed for this pnrpoae ; other sol* 
▼enta, e.g., alcohol, ether, chloroform, etc., are occasionally bnt rarely 
employed. A finely- divided snbstance diasolres more readily tlian a 
coaisepowderoracrystalline body; it also, with | 
very few exceptions, disBolves more rapidly and 
to a greater extent in hot tliao in cold water. 

A Bohd body can be recoTered from its soln- 
tion by eeaporation. This may be effected by 
heating the solution in a porcelain dish over a 
irater-bath (Eig. 39) or over the bare florae, 
by BO regulating the heat aa to prevent loss by 
sporting ; or it may be recovered by modify- 
ing or removing the solvent; NaCl, e.g., which 
is soluble in water, is precipitated on the addi- 
tion of concentrated hydrochloric acid ; calcic ^"'' "■ 
carbonate dissolved in carbonic acid by the removal of the gaseoas 
solvent on boiling ; or, lastly, by the sudden eimversion of the liquid 
into a solid body by the action of another body, induced by greater 
chemical affini^, one sabatonce remaining in solution as a general mle. 

The body which is precipitated is termed the preoipiUUe. It 
generally sinks to the bottom of the glass vessel (teat-tube, etc.) on 
account of ite greater specific gravity. Stirring, as well as the appli- 
cation of heat, &eqaenUy promotes the subsidence of the precipitate. 
We speak of pulverulent (or amorphone), fryetalli/ne, fiaky, mrdy, 
gelatinous precipitates, according to the appearance which they 
present. This and the colour of a precipitate assists materially 
in identifpi^ a body. 

The body which precipitates another body is called the pred- 

QUESTIONS AND EXESCTSB8. 

1. Hov doei sulphur occur in nature F 

2. What are the propertie* of •nlphur — lit, t.t the ordinary temperature ; 2lid, 

whin heated to 111° C. ; 3rd, at a temperature of 260-260° O. P 
8, Define a metallic Bulphide. 

4. Explain what chaneea take place when sulphur is heated, 1° oat of oontaot 

with the air, and 2* vith free acwH of air. 

5. In what proportion! bj weight does lulphur combine an ignition with 

oijgen, and what will be the Tolume weight and ths molecular weight of 
the prodnct of combuation P 
6> How would 70U explain the bet that no oontnotion of Tolmne t«tet plaee 
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wbon ■alphnr uid oxygen combine, and how don a faunrledn of tlta 

deniitj of oiygen and snlpliuroui anlijdride, at oompaied with air, enabia 

jou to proTs tbe Toluina compontioD otSOft 
7. Eiplun tbe temu roU nUphur at hrimttomt, Jhnotri t^ ntlflmr, dittiUtd 

nUphwr, copper pyritf, galtno, ircm pyritf. 
B. Ho* ia cmnabar prepared f 
9. Deecribe the prepantian of lulphnrettad hTdrogen from ferroni inlphida, 

and •tatt) brieBj it* propartiee : K>Te equi^oiu. 

10. Wbat an the product* of the combiutioD of eulphuratted hydrogen in air 1 

Eipren the change* by equation! P 

11. What change doee a lolatioD of (ulphuretted hydrogen in water andargo 

when exposed to sir ? 
IS. How would you extract sulphur from iron pyrites F 
IS. Caleulate the percentage composition of SH^ 

14. State whether the atomio weights of SH| and BO| are idantioal with the 

molecular weights. 
IB. What ii the density of SOj and SE, compared with hydnlgen, and what is 
the weight in ermi. of one litre of the rcspectite ^asM P 

15. How would you demonitrBte experimentaUj the action of 8H| upon diStovnt 

nline solationi, such as a solution of sugar of lead, blue and giean 
Titriol, etc. F 

17. Tou have giren to you iron filings, flowers of sulphur, and dilute hydro- 

chlorio acid : describe aocuiatelj the different chemical ohanges which, in 
your opinion, can be produced with these materials. 

18. State how jou would purifV a laniple of tvagh twlphttr conthining from tlii«e 

to fbuT per cent, of earth; im; 



Chiptee VIII. 

OBLOBXNE, its Properties.— 0HL0RIDB8. 

Bxpeiiment 44.— When a well known mineral called Mack oxida <^ ■»•- 
gtt*an, HnO), composed of one atom of the metal mang&nese and two atoms of 

oxygen, is gently heated with concentrated hydrochloric acid in a generating 
flask (Fig. 40), a yellowiah green gu, called cUoWm.* is eTolTed, which cannot, 
«Teu wheii largely diluted with air, be inhaled without danger, on account of its 




■ From j^atpiq, yellowish green. 
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liiffUy poiMiioiu nature, and the black oxide of manganese dissoWeB to ajellowiBh 
coloiired liquid, containing manganous chloride, MnCla. The reaction tues place 
in twostagee— 

1. MnOs + 4HC1 » MnGl4 + 20Hs 

2. MnCLi " MnCls + CV 

Chlorine gae, like hydrie sulphide, is soluble in water, and a solution of 
ehlorine may be obtained bjr passing the gas for some time into cold water. The 
gas can be collected over warm water in a pneumatic trough, as seen in Fig. 41, 
or it maj also be collected by displacement, i.e., the deliverf-tube is passed to 
the bottom of an upright glass cylinder, or test tube, till the whole of the cylinder 
is filled with the yellowish green gas. The lighter air is gradually lifted out of 
the cylinder by the heavier chlorine. The operation of collecting a highly 
poisonous sas like chlorine must be carried on in a well yentilated closet. 
Cylinder after cylinder may thus be filled with chlorine. Absolute displacement 
of the air is not possible, nor is it of much consequence. The edge of the 

2 Under is slightly ereased, and a glass plate, when gently pressed down upon 
e opening, effectu^y shuts in the gas. 

Chlorine gas is considerably heavier tlian air, its specific gravity, 

compared with air, is 2'46, or = 35*5, when compared with 

•0o9o. 

hydrogen gae. 

1 litre of chlorine gas therefore weighs S5'5 criths, or 35'5 x 




'0896 grm., = 3*1808 grm. It is a two volume gas 

and its molecnlar weight is 2 X 35*5 =r 71. 

Bzperiment 4S. — Introduce into a cylinder charged with chlorine gas, 
fibwers of various colours, a strip of Utmus-paper, a piece of moistened cotton 
nrint, printed and written slips of paper, and coyer oyer with the glass plate. 
ihe ooloors of the fiowers disappear; yiolets, ex. gr., become quite colourless; the 
cotton print is turned white ; the ink acquires a reddish-brown appearance ; the , 
printing ink alone, or the finely divided carbon which it contains (lamp-black) ' 
remains unaflTected. 

This proves, then, that chlorine is a potoerfuZ bleaching agent. 
Hence its application in the arts and mannfaictnres. Linen and 
cotton goods are bleached by the agency of chlorine, and paper pulp 
18 rendered white. Silk or woollen stnffs, however, cannot be 
bleached by chlorine, becanse the fibres of these fiEibrics are destroyed 
by it. Chlorine water bleaches equally well. 

A solution of chlorine in water is a useful reagent in the labora- 
tory. 

Bzyeiiaieiit 46. — ^The solution is prepared by passing a current of 
chlorine gas through Woulfe's bottles, as seen in Fig. 41. The contents of the 
Woulfe's bottle nearest to the generating flask are generally contaminated with 
some hydrochloric acid, which has been carried oyer by tne chlorine, and are 
best rejected. A simpler method of makine a saturated solution of chlorine con- 
sists in passing the gas from the first Woulfe's bottle to a retort inyerted, as seen 
in Fig. 42, containing cold distilled water. 

A solution of chlorine in water has the same yellowish green 
colour as the gas itself. It becomes gradually decomposed when 
exposed to sunlight, especially to direct sunlight, as the hydrogen 
of the water goes to the chlorine to form hydrochloric acid (HCl), 
and the oxygen is liberated — 

OH, -f CI, = 2HC1 + O. 
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The bleaching action of chlorine depends npon the eame chemical 
change ; it is an indirect process of oxidation. 




BxrcrtML „ 

nlinder filled *it1i chloriue gu to the mouth of the upright cjlinder, m 

Fig. 43. The caudle continuea to bam witb a feeble jellowiali flame, and beaTj 

douda ofnnoke or loot are leen to separate. 




A candle, -whether made of paraffin, wax, tallow or spermaceti, 
cxmsists of carbon and hydrogen, or of carbon, hydrogen and oxygen, 
in varying proportions. The chlorine acting upon the hydrogen 
Bete the carbon free in the form of solid particles or black Boot. This 
then proves that the white material of which candles are made, con- 
tains carbon, and that chlorine has a stronger affinity for hydrogen 
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tihan for carbon. The chlorine forms with the hydrogen a bimsy 
<»niponnd — an acid — known as hydrochloric acid or hydric chloride. 
This can be shown by rinsing ont the cylinder with a little water 
and testing with blue litmus paper. 

Kxperlaieat 48. — Powder Bome meteDie antimonj toj finely and phee the 
powder in » fioe siere raJHiciently large to oorer the apeoing of a tall ^am 
f^iinder filled with chkniiie gu. Shake the nere gmtly. Some of the ttoAj 
oLrided antimony £bUb throngh into the dilorine gas and oombineB with it, giving 
rise to quite a imin of Sre^ and the cylinder beoomee filled with thick white ramea. 
The dilorine gas oombinea diiectly with the metal antimony — 

Sb + CU » Sb Gl» 

md the chemical change is aooompanied by great heat, and the i^enomenon of 
light. 

A similar but less energetic action is observed when chlorine is 
made to act in a retort or tube of hard glass, npon metallic copper 
or zinc ; only the reaction has to be started and assisted by the 
application of heat. Flashes of light are likewise given ont 
during the combination of the metals with the gas chlorine. The 
compounds so formed were found on analysis to be composed of 1 
atom of the metal to 2 atoms of the gas chlorine, e.g.^ CuCls 
ZnCl,. 

Bxperlaicnt 49. — Set ^re to Bome magnennm wire and introduce the 
homing magnesium quickly into a cylinder filled with chlorine eas. It continues 
to bum with great brilliMicy in the gas. The product of the combustion of 
magnennm in chlorine is a white powder, magnesic chloride (MgOls), which on 
exposure to the air rapidly attracts moisture and liquefies. Test the liquid. It 
is neutnd to test-papers. 

Bxperlaieat &•. — ¥ill a good sized stoppered bottle (Fig. 44) with diy 
chlorine gas, then introduce a few pieces of sodium cut into thin slices, and dose 
the bottle with a good cork and allow to stand for 
some time. The bright metal is seen to become coated 
OTer after a few minutes with a white film which grows 
thicker till it peels off at last. The yellowish green gas 
disappears after about 24 hours, when the grniter part 
of the metal has become oonrerted into a white pow- 
der. The cork is remored with difficulty ; because by 
the absorption of the gas by the metal sodium, a 
vacuum has been created in the bottle, and the air 
rushes in with considerable riolence, as soon as the 
oork is remored. Take out the white powder. Detach 
any metal that has not been acted upon, and dissolre 
the powder in a little water. 

The solution shows no action upon either 
blue or red litmus-paper; it is an indifferent 
or neutral liquid ; it tastes neither sour (acid) cHLoKura^iitD bo^cv?' 
nor caustic (alkaline). It has the taste of 

cammon salt. In fact, hy the combination of the metal sodium and the 
gas chloriney we have produced common saU, and have proved thereby 
that our common table salt — sodic chloride (NaCl) — consists of two 
elementary bodies, of sodium and of chlorine. 

Nature of Metallic Chlorides, — As all metallic chlorides, with the 
exception of the chlorides of platinum and gold, can be prepared 
like sodic chloride by the direct combination of a metal and chlorine, 
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they must be analogous to this well known salt, and the latter may 
be regarded as the representative of metallic chlorides generally. 
From the most remote times sodic chloride has received the name of 
eaZtj and has always been known as " the salt." The same name in 
its generic construction is now assigned to other metallic chlorides. 
They are distingnished from the corresponding metallic oxides by 
their reaction on vegetable oolonrs (litmns papers). Not one metallic 
chloride possesses an alkaline reaction, the chlorides of some of the 
heavy metals giving even an acid reaction ; whilst the corresponding 
oxides have either a strongly alkaline (caustic) character, or show 
no reaction at all with litmns. 

Sodic chloride is found in natnre very widely distributed. From 
one of its sources, viz., sea- water, it is obtained by evaporoMon and 
erystdlUsation, The so-called mother liquor (or concentrated saline 
solution from which salt has been removed by crystallisation) has 
been found to contain two other elementaiy bodies, bromine and 
iodine which closely resemble chlorine in their properties. They 
exist chiefly in combination with magnesium, as bromide and iodide 
of magnesium. These elements can likewise be isolated. Bromine^ 
(symbol Br.), at the ordinary temperature, is a dark brownish dis- 
agreeably smelling, very poisonous liquid. lodinef (symbol I) is a 
crystalline substance of dark steel or deep violet colour, subliming in 
beautiful violet vapour, when a small crystal of it is gently heated in 
a test-tube. These two elements, together with another elementary 
body, found in fluor spar, called fluorine (symbol F), (never isolated 
as yet), can likewise combine with metals, and are classed together 
with chlorine under the name of halogens or salt formers (from aXv, 
salt, and ffevvdu, I generate). They also combine with hydrogen 
and form acids — gaseous like hydrochloric acid gas, and eagerly 
absorbed by water. These acids are called — 

Hydrobromic acid (Hydric bromide) HBr. 
Hydriodic „ ( „ iodide) HI. 

Hydroflnoric „ ( „ fluoride) HF. 

Their consideration will be reserved for the second part or the study 
of qualitative analysis. 

Chlorine combines with non-metals (metalloids) as well as with 
metals. Chemical combination takes place between them with great 
energy, mostly marked by flashes of li^ht and evolution of much 
heat. Phosphorus, sulphur, and carbon n>rm chlorides, although the 
latter element cannot combine directly with chlorine. A knowledge 
of these compounds is, however, best acquired by attending a course 
of lectures, since the explanation of the chemical changes involved in 
their formation would, to a great extent, be mere repetition of what 
has already been studied. The most important compound is that 
which chlorine forms with hydrogen. 

Sxpeiiaieiit SI. — ^A wide capadons flask (Fig. 4S) is filled by upward dis- 
plaoement with chlorine gas. A gas-holder filled with hydrogen fomiBhee a 

* From PpS»fiog, a stench. f From MtiQ, Tiolet-ooloured. 
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a a jet, and coaiuicted with tha deliTerr-ti 
nibber tubing ; the ne is lit, and the burning jet rapidly 
introduced into the flaak. It continual to bum for some 
time with ■ bright blue flame. The Same diea gradu^]' 
swaj ; and on removing the deliTerj-tube and cloeing 
the mouth of the Bull rapidly with the flat of the hand 
or a cork, and introducing it, mouth dawnward, into 
cold water, and then withdrawing the hand or the cork, 
the water ruhea into the Soak and nearl]' flUa it. Be- 
more the 9aek bj inserting the cork and test its con- 
tents with litmus-paper. The liquid reddens bine litmos- 
paper instsjitaneouslj. It oontuns an acid g/u which is 
tagtrUf abttuitd by voter. From iU origin, it can onij 
be hjdrocliloric acid gas or hjdric chloride, and the 
liquid a Terj dilute hydrochloric acid solution. 

Properties of the gas. — Hydrochloric acid 
forms a colourless gas of pnngent acid odour. 
Its combining proportions \tj Toltune may be 
represented as follows : — 




E3 



i.e., 1 molecnlar Tolnme of chlorine gas on comtHning with a mole- 
cular volnme of hydrogen, (bnna two molecnlar Tolnmes of hydro- 
chloric acid gas. The two gases combine without contracting. 
Combination takes place with explosive violence when e. miitnre of 
hydK^n and chlorine is exposed to direct sunlight, slowly only 
when left exjHJsed to diffused daylight, and not at aU at the ordinary 
temperatare when placed in darkness. The specific gravity of 
hydrochloric acid gas compared with air is 1262 and compared with 



hydrogen 
1 + 35-5 . 



'r = 18'25, t.e., 1 litiro of hydrochloric acid weighs 
— = 18'2d times as mnch as 1 litre of hydrogen 

or 18-25 criths, eqnal to 18-25 x 0896 gna. or 16352 grm. The 
molecnlar weight of hydrochloric acid gas b 365. It is most 
eagerly absorbed by wat«r — one litre of water is capable of absorbing 
500 litres of gas at 0° C. Water so saturated fumes in the air, the 
vaponr of the acid combining with the moisture in the air, and the 
liquid constitateB the ordinary commerciat fuming hydrochloric 
acid. 

Bromine, iodine and fluorine when combined with hydrogen form 
likewise acid liquids, which possess considerable intereBti-Jhey will 
be considered more folly hereafter. 

As these acids contain no oxygen, hke the acids with which we 
have already become acqnainted, thev have been called hydrogen 
acids or simply hydro-adds, as distingmahed from o^gen or oxy-aoidM. 
Oxygen then is not the only element which can by its comlnnatiou 
witti other elements fonn acids, as was thought at tne time when this 
element was first discovered, and when it received the name oxygen 
or generalor of adds. In fact, on comparing the compounds which 
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oxygen forms with metals, such as potassium or sodimn (which are 
perhaps only of a basic character, since these power^l metals 
neutralize and actually overpower the acidifying properties of oxygen), 
with the compounds which potassium and sodium form with chlorine, 
it is obvious, that chlorine rather deserves to be called an add gene- 
rator : for the compound which it forms with hydrogen is a powerful 
* aM^ and its compounds with potassium and sodium are neutral or 
indifferent bodies, the metals obviously not being capable of over- 
powering to the same extent the acidifying properties of chlorine as 
they overpower those of oxygen. This acidifying property of 
chlorine becomes still more apparent, when we compare some of the 
chlorides of the heavy metals which are strongly acid, with the 
corresponding oxides which are mostly quite indifferent bodies. 

QUESTIONS AND EXEBCISES. 

1. How Ib chlorine prepared 1 GKve equations. 

2. Describe briefly Uie properties of chlorine. 

3. Explain the bleaching action of chlorine. 

4. State how chlorine water becomes decomposed when exposed to sonlight. 

6. Define a metallic chloride. Describe instances of the direct combination of 
chlorine with metals. 

6. Show in what respect metallic chlorides differ from metallic oxides. 

7. Explain the meaning of the terms chUyrine, hrominey iodiney and Jtmorine. 

8. Enumerate briefly the distinguishing features of chlorine, bromine, and 

iodine. 

9. Explain the terms halogen, hifdro-acid, hydrie chloride, 

10. How is hydrochloric acid gas prepared, and what ai« its most characteristio 




11. What is the volume weight and the molecular weight of chlorine and of 

hydrochloric acid gasi 

12. What is the weight of one litre of CI and of a litre of HCl in grammes 1 

18. You haye giren to you black oxide of manganese, concentrate hydrochloric 
acid, and metalhc antimony ; state what chemical changes you can produce 
with these materials. 

14. The density of hydrogen gas compared with air is *0698, that of chlorine gas 
2*46 ; find, from these figures, the atomic weight of chlorine. 

16. Calculate the percentage composition of HCl andof NaCl. 



Chapter IX. 

APPLICATION of the THEORY of 0ON8TAMT 
CHEMICAL COMBINING PROPORTIONS. 

Symbolic formnlsa have Hitherto served — 

Ist. To represent bodies, elementary or compound. 

2nd. To illnstrate, in the briefest manner, the play of chemical 

affinities, the breaking np of existing chemical compounds, 

and the building up of new bodies. 
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They serve, however, another and most important purpose, for 
they also bear, as has been abeadj remarked (Chapter YI), the 
impression of the respective atomic weights of the element or oom- 
ponnd body which they denote. 

Equations illnstrating chemical changes express likewise the 
relative quanUHes of the elements which form the componnds acting 
npon each other, or which take part in the changes, and hence they 
famish the basis for qucmtUaiive chemical calculations. Thus the 
formation of cnpric oxide by the action of oxygen on copper is 
expressed by the eqnation^- 

Cn -f = CnO 

which conveys to the mind at the same time the idea that one atom 
of copper combines with one atom of oxygen to form the molecule 
cnpric oxide (the atomic weight of copper being 63*5, that of 
oxygen 16) ; and onr equation tells us, by a process of simple substi- 
tution, that 16 parts by weight of oxygen combine with 63*5 parts 
by weight of copper, and that the two together must form 79*5 parts 
by weight of cnpric oxide. The symbolic equation is thus tran- 
scribed arithmetically — 

63-5 -f 16 = 79-5 

and it is easy to calculate the quantities of copper and oxygen in- 
volved in the formation of a given quantity of cnpric oxide, and the 
quantity of cnpric oxide obtained from known quantities of copper 
and oxygen. 

Questions such as the following will now readily be answered by 
a mere calculation of rule of three : 

1. How much Cu combines with a given quantity of ? 

2. „ „ „ Cu? 
8. „ CuO can be formed from „ Cu? 

4. „ Cu is contained in a „ CuO ? 

5. „ „ „ CuO? 

If we wish to know — 1st, how much cnpric oxide, CuO, we can 
get by the oxidation of 100 grains of copper, we have — 

63-5 : 79-5 : : 100 : 0. 

Atomic weight Atomic weight of 
of copper. cuprio oxide. 

Ana. = 125-19 grs. of GuO. 

2. How much copper is left when 100 grains of cupric oxide, 
CuO, are reduced in a current of hydrogen gas ? 

79-5 : 63-5 : : 100 : «. 

Atomic weiffht Atomic weight 
of cnpric oxide. of copper. 

Ans. = 79-87 gra, of Ou. 

B 2 
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3. How mnch mercnry, Hg, is required to form 20 grtnd. of 
meroTiric oxide, HgO ? 

216 : 200 : : 20 : x. 

Atomic weight Atomic weight 
of HgO. of Hg. 

Ans. 18*51 ^rmst 

4. How much iron, Fe, has to be taken to produce 100 lbs. of 
ferrous sulphide, FeS ? 

88 : 56 ; : 100 : x. 

Atomic Atomic 

weight of FeS. weight of Fe< 

Ans. 63*63 lbs. 

5. How much ferrous sulphide can be obtained by the combina- 
tion of iron with 50 lbs. of sidphur P 

32 : 88 : : 50 : x. 

Atomic Atomic 

weight of S. weight of FeS. 

Ans. 137*5 Jhs. 

6. How much hydrogen by weight, and by volume (in litres), is 
required to reduce 25 grms. of cupric oxide, CuO, to metallic 
copper? 

79*5 : 2 : : 25 : ». 

Atomic weight Atomic weight 
of CuO. of two atoms 

ofH. 

Ans. '62S9grm. ofH. 

On dividing "6289 grm. by the weight of one litre of hydrogen, 
measured at and 760 mm. barometrical pressure, viz., '0896 grm., 
or a crith, we obtain the number of litres of hydrogen gas at the 
same temperature and pressure — 

'^^l Ans. 7-01 Utres of H. 

•0896 •^ 

7. How much sulphurous anhydride, SOj, is obtained by the 
combustion of 10 grms. of sulphur in oxygen gas — 1st, by weight; 
2nd, by volume (litres) ? 

32 : 64 : 10 : 2. 

Atomic Atomic 

weight of S. weight of SO}. 

Ans. 20 grms. of 80%. 
The volume weight of SOt is 32 criths, or 2*8672 grms. and by 



QUANTITATIVB CHEBfflOAL CALCULATIONS. 53 

dividing the total weight of snlphnrons aoihjdride obtaiiied, viz., 20 
gnns. by the weight of one litre of the gas, we have — 

8. How much chlorine gas bv weight, and by volumiB, can be 
obtained by the action of excess of hydrochloric acid on 16 grms. of 
Uack manganic oxide, MnOs ? 

87 : 71 : : 16 : a>. 

Atomio The weight of 
weight of a molecule 
MnOs. of chlorine. 

Ana. 13-057 grms, of CI, 

Now one litre of chlorine weighs 35*5 criths, or *0896 x 35*5 
= 3-1808 grms. 

= 4*104 Uires of chlorine gas. 

o'loOo 

9. When carbon is burnt in oxygen gas it forms carbonic anhy- 
dride gas, GOs. How much carbonic anhydride by weight, and by 
volome, can be obtained by thus burning 15 grms. of carbon p 

12 : 44 : : 15 : 0. 

Atomio Atomio 

weight of C. weight of COj. 

Ans, 55 grms, of 00%. 

One litre of carbonic anhydride gas weighs 22 criths, or '0896 X 
22 = 1*9712 grm. 

55 
and ■ = 27*90 Uires of carbonic anhydride gas, 

10. How much hydrogen and oxygen by weight and by volume 
can be obtained, by electrolysis, &om 10 grms. of water p 

18 : 2 : : 10 : X- 

Atomio Weight of 

weight of OHs. moL of hydrogen. 

Ans. 1*111 grms. of 'EL, 
8*889 grms. of 0, 

One litre of H weighs '0896 grm., hence — 

I'lll 

r" = 12*4 litres of hydrogen gas. 
•0896 JOB 

One litre of oxygen weighs 16 times as much as one litre of 
hydrogen gas, i.e., '0896 X 16 = 1*4336 grm. 
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?!§§?L r= 6-200 Htres of oxygen gas. 
1-4336 ^ 

11. Given five litres of chlorine gas, how much metallic 
sodium is required to convert the whole of the chlorine into sodic 

chloride P 

Am. 10'304 t^rrn*. ofNa. 

12. 15 grms. of ferrous sulphide are treated with dilute hydro- 
chloric acid : how much SH, by weight, and by volume, can be ob- 
tained theoretically therefrom P 

Ans, 6-796 grms. hy weighty amd 3-804 litrea of SI[%. 



Chafteb X. 
ATOMZOITY OR QUAMTIVALENCB OF ATOMS. 

AccOBDiNQ to the law of multiple proportions, atoms can combine 
with atoms in more than one proportion, i.e., one atom with two, 
three, four, or more other atoms. 

Some few metals and metalloids can form only one oxide, sulphide, 
chloride; others two or more. Thus we have seen that binary com- 
pounds, such as : — 

FeO. FeS. FeCl,. 

MgO. MgS. MgCl,. 

CuO. CuS. CuCl,. 

ZnO. ZnS. ZnCl,. 

are comparatively simple bodies. In fact, the number of atoms in the 
higher binary compounds of mineral or inorganic origin can mostly 
be expressed by the multiples 3, 4, 6. 

We have seen (Experiment 46) that under the continued influ- 
ence of sunlight, chlorine water is decomposed into hydrochloric 
acid, which is absorbed by the water, and oxygen; and that for every 
two volumes of chlorine gas, when placed over water, one volume 
of oxygen will be found afber some time. Two atoms of chlorine 
exert therefore the same combining power as one atom of oxygen. 

Experiment 2 has demonstrated that the action of dilute hydro- 
chloric acid on zinc liberated hydrogen, whilst the chlorine remained 
combined with the metal zinc, forming zincic chloride. We have 
since seen that hydrogen and chlorine in hydrochloric acid gas are 
combined in equal vommes : — 
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oonseqa^itlj we know that for every molecnle H H of the 

liberated hjdrt^en gas two yolnmes (two atoms) of chlorine remain 
in combination with the metal zinc, and that therefore two mole- 
cules of hydrochloric acid must have taken part in the reaction — 

Zn + 2HC1 = ZnCl, + H,. 

Zincic chloride has the composition ZnCl2 ; one atom of zinc accord- 
ingly possesses the chemical combining power of two atoms of 
hydrogen, and two atoms of chlorine are of the same chemical 
eomhining value as one atom of oxygen (oomp. Exp. 12) ; they 
axe in &ct equivcUenHc. The same holds good for other metals, 
sach as calcinm, iron, manganese, copper, mercury, i.e., they all 
unite with the same number of atoms of chlorine, viz., two. 

Experiment 1 has shown that the metal sodium decomposes 
water by taking the place of the hydrogen therein. Chlorine in 
Experiment 50also combined directly with the metal forming common 
salt, NaCl, a compound which is in every respect analogous in con«- 
stitution to hydrochloric acid, HGl. Sooic chloride can be readily 
prepared by the decomposition of this acid by means of sodiumi 
hydrogen being evolved. 

Bxpeiiaient as. — Heat a little oonoentrated hydrochloric add in a flask 
(Fig. 46) ; it evolTes abundance of hjdxxKshloric acid gas, which must be dried 
by pasung it through a Woulfe*B bottle containing lumps of pumice-stone 




Fio. 46. 

soaked in concentrated sulphuric acid. Collect the dry gas in a narrow cylinder 
artap menmrj, as seen in Fig. 46, and mark the level of tiie mercury column by 
means of a small india-rubber ring. If a pellet of sodium (or a lump of sodium- 
amalgam) be now passed up into the gas and the tube be gently agitated, the gas 
volume will be seen to dimmish, and after a time will haye contracted to one- 
half. On examining the remaining gas, it is found to haye all the properties of 
l^dxogen. 
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This proTOB that two yo.umes of dry hydrochloric acid gas (or a molecolar 
Tolume) contain equal rolumea of hydrogen and chlorine. The metal sodiuzn 
combined with the chlorine, leaving the hydrogen in the free state. 

One atom of sodium possesses tHen the same chemical dis- 
placing power as one atom of hydrogen, and two atoms of sodiiuzi 
mnst be required to combine with one atom of oxygen (in the same 
manner as two atoms of hydrogen were required to combine with, 
one atom of oxygen in water), and the formula of thq resulting^ 
Bodic oxide must therefore be written — 

Na,0. 

The same holds good for several other metals, yiz., potassium, 
silver ; and the respective formulas of the chlorides, and oxides of 
these metals are therefore — 

NaCl. NajO, 
KCl. K,0, 
AgCl. AgaO. 

Other metals again combine with 3, 4, 5, or 6 atoms of chlorinei, 
or 1^, 2, 2^, and 3 of oxygen ; such as the metals gold, tin, anti- 
mony, chromium. Their respective oxides and chlorides are thu3 
written— 

•AuClj. Au,0,. 
SnCl4. SnO,. 
SbClj. SbaOs. 

CrOa. 

AuOij and ShO^ being inadmissible for reasons already stated. 

Sulphur forms with metals compounds almost precisely analogous 
to those which oxygen forms. 

In order to mark the binding capacity or atom-fixing power 
(called atomicity or quantivalence) of the various metals, six divisions 
have been adopted by chemists, of which the following metals may 
be regarded as the representatives : — 

Na, Mg, Au, Sn, Sb, Or. 

A metal which combines with 1 atom of chlorine is monovalefnMc 
or monadic ; other metals which combine with 2, 3, 4, and 5 atoms 
of chlorine (or in the place of 6^ of chlorine with 3 of oxygen), are di-^ 
tri-f tetra-, pentO'^ and hexa-valentlc (firom valere — to be of value), 
shortly called irrwnaday dyads, triads, tetrads, jpentads, and hexads. 
Elements with an odd number of bonds are caUed by Dr. Odling 
perissads (from irepurao^, uneven, odd) ; whilst those with an even 
number are termed artiads (from cLpno^, even). 

* When the molecule of a compound contains more than one atom or com* 
hining proportion of an element, a coefficient is placed qfter the symbol of tha 
element. 
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Oxygen, we have seen, is combined in water with two atoms of 
hydrogen : it is therefore divalentic, or one atom of oxygen is eqni* 
▼alent to two atoms of hydrogen. Sniphnr in snlphnretted hydro* 
gen is diyalentic ; and one atom of sulphur is equivalent to two 
atoms of hydrogen* 

Boron combines with three atoms of chlorine to form boric chlo* 
ride, BCl^. Carbon combines with four atoms of hydrogen to form 
marsh-gas, CH4, one of the oonstitnents of coal gas. Pentavalentio 
elements are the elements constituting the nitrogen group, N,P,As, 
and Sb. 

Hydrogen is thuB oaUed upon to perform fresh fimctions. for it 
forms also the unit of the hindmg or atom-Jixing as well as atom-dis' 
placing power inherent in every elementary body, as it already con- 
stituted the unit of atomic and volume combination. This atom- 
fixing power of elements is well illustrated whenever elements com- 
bine directly with hydrogen; as when oxygen attracts to itself two, 
nitrogen three, or carbon four, atoms of hydrogen. 

It must not be supposed that in the absence of metallic com- 
pounds with hydrogen, the combining capacity of metals (and non- 
metals) for chlorine — the equivalent for hydrogen — ^has been the 
only criterion for determining the atomicity or quantivalence of the 
different elements. Comparatively modem discoveries in the che- 
mistry of organic bodies, in which metals are combined with a certain 
number of atoms of the organic analogues of hydrogen, methyl, 
ethyl, etc., have but recently introduced this method of determina- 
tion. The coefficients of atomicity are, moreover, not yet deter- 
mined experimentally for all metals, and we have in many cases 
to assume them by reasoning from analogy only. But whilst the 
atomicity of many elements must still be considered as provisional, 
and open to revision, yet the system of classification fouiided upon 
atom-fixing power has so much simplified the study of chemistry, 
that its into>duction, even in its present incomplete state, into text 
books, cannot fail to recommend itself strongly to the student, as it 
snppUes him with a generaUsation which greatly facilitate the 
comprehension of chemical phenomena. Moreover, the doctrine of 
atomicity is in strict harmony with the atomic hypothesis. 

We connect, then, with atoms not merely the notion of indivisi- 
bility and a definite relative atom- and volume- weight, but likewise 
varying degrees of inherent affinity and a capacity of fixing or dis- 
placing a definite number of other atoms. Thus the atomic theory 
gains in importance as it gains in extent. 

Symbolic representation of the powers of Atoms infixing or displacing 

other Atoms. 

We represent to ourselves atoms as the smallest possible par- 
ticles of matter, and in the absence of any experimental evidence as 
to their form may, for the sake of convenience, view them as spheres. 
We explain chemical combination between two elements as arising 
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from tlie intiinate union whicli takes place between their atoms, 
owing to the chemical affinity peculiar to each individnal atom. If 
an atom exhibits an affinity by which its atom- fixing power becomes 
exhansted by combining with an atom of another element whose 
atom-fixmg power eqnaJs that of hydrogen, taken as unit, it is 
manifestly a monovcUenMc element or a monad, — ^it can bind or 
satisfy only one affinity. The atomicity of an element such as 
hydrogen or chlorine may be represented graphically, thus : — 

Monad Atom H- Molecole H-H. 

„ CI- „ Cl-Cl. 

An atom of an element like magnesium, capable of fixing two 
monad atoms of chlorine, would then have to be represented gra- 
phically, thus : — 

Dyad Atom -Mg- 
An element capable of fixing 3 atoms of chlorine, thus : — 

Triad Atom ^B'' 

I 

An element capable of fixing 4 atoms of hydrogen, thus : — 

Tetrad Atom — (j— 

I 

An element capable of fixing 5 atoms of chlorine, thus : — 

Pentad Atom — P— 

I 

An element capable of fixing 3 atoms of the dyad oxygen, thus : — 

HexadAtom yS^ or ""„"" 

^ I ^ 11 

Symbolic notation conveys the same idea if we employ dashes, 
and for the higher atomicities Roman figures placed to the right- 
hand side slightly above the symbols, thus : — 

Hydrogen. ... H' (written mostly without the daah). 

Oxygen O" 

Boron B'" 

Carbon C'^ 

Phosphorus . . P^ 

Sulphur S^ 

Other modes of graphic representation would answer equally well 
and have actually been used for this purpose, thus : — 



= molecule HH, or QCl, HCl, NaCl, AgCl. 
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■*— I- 



f-r+-H 



=s molecule OHs, or SH3, OAgt, OKs. 



= molecnle CuO, or HgO. 



=s molecnle AnCls- 



s= molecule CHi, or S11GI4. 



= molecnle SOa, or CO2. 



This method of graphic representation possesses the advantage of 
setting forth in a marked manner the qnantiyalence of atoms as 
well as their molecnlar combining conditions. The second formnla, 
e.g.j shows at a glance that two atoms of hydrogen are combined 
with one atom of oxygen, and that, therefore, the atom oxygen is 
eqniyalentic to two atoms of hydrogen. Formula 5 shows in like 
manner that four atoms of hydrogen are combined with one atom of 
carbon, and hence that this latter element is eqniyalentic to fonr 
atoms of hydrogen or chlorine. 

At the same time this graphic representation is liable to mislead 
if the idea be entertained for a moment that an atom of carbon is 
four times, or an atom of oxygen twice as large as an atom of hydro- 
gen or chlorine; and as no graphic representation whateyer can 
daim to elucidate " eUher the shape or size of an atom or molecule, nor 
the reHative posiHon of the constituent atoms of amf chemical com- 
jpoundf** it will suffice if we simply link together their symbols 
by short connecting lines, in order to indicate their atom-fixing 
capacity. 

Thus we write : — 

CI— CI 

H— 0— H 

In the following table, taken from Dr. Frankland's ''Lecture 
Notes," page 32, will be found the 36 most important elements, 
classified according to their atomicity or res]>ectiye qnantiyalence. 
Metalloids are printed in italics. The different classes are again sub- 
divided into sections, representing elements closely resembling each 
other in their chemical character : — 
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ICoDBda, 


Dyads, 


Triads, 


Tetnds, 


Pentads, 


Heuds, 


or 


• or 


or 


or 


or 


or 


Monovalentie 


DiTsleDtlo 


TriTslentio 


TetraTalentie 


FentaTalentk 


Hezavalentic 


Elemeata. 


Slemenu. 


Elementi. 


Elements. 


Elements. 


Elements. 


lit Section. 


let Section. 


let Section. 


let Section. 


1st Section, 


IH Section. 


Sjfdrogem. 


Oxygen. 


Boron. 


Carbon. 
Silicon. 


Nitrogen. 
Phosphorue. 


StUphur. 


2nd Section. 


2nd Section. 


2nd Section. 


Tin. 


Arsenic 


2nd Section. 


Muorine, 
Chlorine, 


Barium. 
Strontium. 


Gk>ld. 


2nd Section. 


Antimony. 
Bismuth. 


Chromium. 
Manganese. 


BronUne. 


Calcium. 




Aluminium. 




Iron. 


Iodine. 


Magnesium. 








Cobalt. 




Zinc. 




Brd Section. 




Nickel 


Mi Section. 
Potassium. 


Brd Section. 




Platinum. 






Bodium. 


Cadmium. 
Mercury. 




ah Section. 
Lead. 






4dh Section. 


Copper. 




AiiwCnAe 






Sflyer. 













The elements have been classified according to their highest 
atomicity or greatest number of bonds. Thus snlphur com be made 
to combine with 3 atoms of the dyad element oxygen, although under 
ordinary conditions it combines only with 2 atoms of oxygen to 
form sulphurous anhydride gas, SO}. In this instance the sulphur 
acts the part of a tetrad. Again, sulphur combines with two 
atoms of hydrogen, and is then for the time being a dyad ele- 
ment. The active atomicity or quantivalence of an element 
therefore principally depends on the nature of the elements with 
which it enters into combination. A hexad atom does not neces- 
sarily combine always with its maximum number of 6 chlorine 
atoms, or 3 atoms of oxygen, &c. : it may bind only 4 atoms of 
chlorine or 2 atoms of a dyad element, such as oxygen or sulphur ; 
or 2 atoms of chlorine or its equivalent of a dyad atom: but a 
hexad atom will never be found to link itself to 5 or 3 or 1 atom of 
a monad element. Its atomicity co-efficient is invaridbly an even 
wamher. If the co-eflS.cient be 2 or 4, instead of 6, — 4 or 2 bonds 
respectively become, so to speak, dormant or inactive; but the 
absolute atom-fixing power of the hexad remains the same, and 
the dormant, or latent bonds, as Dr. Frankland calls them, may be 
called into activity by fresh chemical agencies, whenever it is 
desired. The sum of the active and latent bonds must evidently 
always be equal to the absolute atomicity of an element. 

Then, again, a pentad atom need not necessarily combine with 
5 atoms of chlorine, &c. It may exist in combination with 3 
atoms, or I atom, but never with 4 or 2 atoms of chlorine, or its 
equivalent. Its atomicity co-effi^nt is invariably an uneven nwmher. 

Elements which in the above list are classified as WKmads^ &o., 
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may possibly be discovered to be capable of a higher binding power. 
Compounds may exist, or may yet be discovered, in which the monad 
element exists as a triad or pentad, or the tetiad or hexad element 
as a hexad or octad ; but it may safely be predicted that a monad 
element will never bind 2 atoms of cmorine, bnt only 8 or 5, and 
that its atomicity co-efficient will be fonnd to be an uneven nomber, 
and that of a dyad always an even one. 

Use of Thick Type. — The formulas of the different chemical com- 
pounds are, accordmg to Dr. Frankland's system, written in such a 
manner as to denote '* that the element represented by the first 
*' symbol of a formula, is directly united with all the active bonds of 
** the other elements or compound radicals following upon the same 
^ line." Thus the formula of water, OHi, signifies that the dyad 
atom of oxygen is combined with the two bonds of the two atoms of 
hydrc^n. The formula of carbonic anhydride, CO2, signifies that 
the tetrad atom of carbon is combined with the four bonds of the 
two atoms of dyad oxygen. The first symbol constitutes the 
grouping element, and whenever this element has more than one 
bond, it will always be printed in thick type. The element having 
the greatest number of bonds will, as a rule, occupy this prominent 
position. 

QUESTIONS ASD EXEBCISES. 

1. Explain the action of sunlight upon ehlorine water. Express the change 

which takes place by an equation. 

2. CKre reasons whj two molecules of hydrochloric acid (HCl) are required to 

act upon an atom of zinc. 
8. How would you demonstrate experimentally that hydiochlorio acid gas is 

composed of equal Tolumes of H and CI ? 
4* Explain wlij you consider that two atoms of H are equiralentio to one atom 

of O or one atom of Zn. 
6. Assign reasons for the formula Na 01 and ONas. 
6. dasniy the following elements according to their respectiye atom-fixing 

power .—Br, B, 0, N, Sn, S. Mg, Ag, Od, Ft, Si, As, Mn. 
7* Oonmiit to memoiy the 86 most important elements as classified in the 

preceding table. 

8. Explain the terms periuadt and orHads. 

9. How can the atomicity of elements be indicated, 1st symbolically, 2nd graphi- 

caUy? 

10. Explain what you understand by absolute lUomicUy, active and latent hondet 

grouping element*, 

11. Describe the use of thick type. 

12. State how many atoms of the following elements 01, O, S, yon consider 

equiralent to an atom of copper, of silyer, or of antimony. 

13. Kepresent graphically a molecular volume of HCl, OHj, sCls, OH4, so as 

to indicate the atomicity of the respectiye elements, and state what 
objections can be urged against such graphic representation. 

14. Place the atomicity co-efficient against the following elements : — F, Hg, Sr, 

P, I, Or, Au. 
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Chapter XI. 

HYDRATKBd*-Bl!ACTIONB IN THS WET WAT. 

In most of the reactions hitherto described we hare restricted 
ourselves to changes which take place in the dry way, between solid 
bodies. In the few instances in which a liquid body reacted npon a 
solid body — ^as in the case where metalHc sulphides were formed 
by the combination of a metal with the liquid sulphur, or where a 
liquid metal, such as mercury, or a readily ftisible metal, like 
sodium, combined with oxrgen or chlorine— one of the reacting 
bodies was rendered liqmd by the application of heat. Such 
changes are called rea/stiona in the dry way. 

There are, howeyer, a vast number of reactions, where the 
presence of water forms an essential feature, either by virtue of its 
solvent action (whereby substances are brought into more intimate 
contact), or by giving up a part or the whole of its constituent 
elements for the formation of uie molecules of the new body. Such 
changes are termed reactUyns in the wet way. 

Certain bodies, as soda, eagerly attract to themselves the moisture 
contained in our atmosphere. There can be no doubt that a chemical 
combination takes place between these bodies and the water, ac- 
companied by the liberation of much heat. This is proved more- 
over, by the difficulty with which soda gives up its water again when 
heated. 

Ezpertment SS. — ^Evaporate a little cauitio soda in a small iron boain, or, 
better still, in a silrer cruciDle or eyaporating dish. It loses water, and acquires 
a syrupj consistency. On cooling, the mass solidifies. 

Quantitative experiments have shown that one molecule of water 
is retained by the fused mass for every molecule of soda, ONas. 
Dry soda, such as is formed by the oxidation of the metal sodium in 
a current of diy oxygen gas, combines with 1 molecule of water, 
and the change may be viewed as an addition of two binary com- 
pounds according to the equation — 

ONa, + OH, = Na,H,Oa, or 20HNa.» 

The new ternary body contains the elements of soda and water 
truly chemically combined. In fact, soda acquires its characteristic 
caustic nature only by this very act of combination with water — 
ONas is without action upon dry litmus paper. 

^ Bxperlmeiit S4. — A little burnt lime, OaO (quicklime) , is placed in a porce- 
lain dish, and moistened with as much water as it will take up within its pores. 
The mass soon begins to get hot ; it gives off steam, and &lls to pieces. 

* A figure placed on the left of a gnmp of elements multiplies each element. 
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Mnch heat is eyolved by the chemical combination of lime with 
water. Qnantitative ezperiments have proved that this reaction 
takes place according to the equation — 

CaO + OHs = CaH,0,. 

Experiment has shown that phosphoric anhydride, ]p205, absorbs 
moistnre with gpreat avidity from the atmosphere. A few flakes of 
the anhydride when thrown into water, cause a hissing noise, and 
dissolve instantaneously, giving rise to an increase of temperature. 

Sulphuric anhydride, SOj, is obtained as a white mass of crjstalsi resembling 
asbesioe. It fames when exposed to moist air, and rapidlj deliquesces from 
absoiption of aqueous yapour, and becomes oonyerted into the hydrate, usually 
callea sulphuric add. Small portions of the anhydride when cautiously thrown 
into water, occasion each time a hissing sound, and the water gets intensely hot. 

The heat must haye been stored up in the anhydride and in the water (both 
odld bodies at the ordinary temperature). 

The liquid reddens blue litmus paper most intensely. On distilliTig the dilute 
aeid in a retort, through the tubulnre of which a thermometer is fitted air-tight 
by means of a soft oork, it fields first water, then hydrated acid, and the boiling- 
point rises gradually until it remains constant at 826* 0. No further change is 
obaerred, and the remaining liquid rapidly distils over. 

Qnantitative experiments have proved that this distillate is a 
iemajj compound of S, O, and H, viz., SO4 Ha, or SOaOHa. 
The compound S^ Os is represented graphieally : — 

O 

II 

o=s=o 

Sulphur being a hezad element. The compound SOs OHa being, 
however, a truly chemical compound, the question naturally arises : 
how are the elements of water connected with the hexad stdphur. 
If the 6 bonds of the sulphur atom were linked directly to we 4 
atoms of dyad oxygen, and 2 atoms of monad hydrogen, stdphur 
would become a de<»d element (SO4 Ha). 

Now we know that SOj can be obtained by the oxidation of SO2. On passing 
•olphurous anhydride slowly over plumbic dioxide, PI1O3, loosely spread out in a 
tiiin layer in a narrow tube of hard glftn, the eas is eaeerly absorbed by the 
binaxT compound, plumbic dioxide, with which it forms a iniite compound, called 
plumbic sulphate, SO] FbOj. The same reaction takes place when manganic 
oxide, BblOa, is employed — manganous sulphate, SOsMnOa, being formed. 

KxpertmeBt SS. — ^Add to a concentrated solution of sulphurous anhydride 
gas in water, a solution of peroxide* of hydrogen, HaOa (hydric peroxide), until 
the odour of the sulphurous anhydride gas has entirely cQsappeared. Sidphurous 
add is instantaneously couTerted into nilphuric acid on coining in contact with 
Indric peroxide (a compound which is ot very great interest, and the formation 
<i which will be described hereafter mora fully). 



* The prefixes per, or hyper, are used in cases where the same element forms 
more than two oxides (acids or bases) with oxygen. More frequently, howeyer, 
the different oxides are distingruished by the use of the terminals ona and tc, as 
manganous, BblO, and manganic oxide, BblOa, sulphurous, SOa, and sulphuric 
anhydride, SO^. 
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SO, + H,Oi =: SOaHiOs, or SO3H0,. 

fiulphuroiu Hydrio Sulphuric 

annydride. peroxide* acid. 



If we then regard the cliemical domponnd which ib formed when 
SOa and OHt are brought together, as consisting of snlphnroos 
anhydride gas and hydric peroxide, we shall be able to represent it 
graphically as follows : — 

O 



[_0— s— 



0— H 

II 

o 

and preserre in this manner the hezad nutnre of the snlphnr atom. 
Manganons sulphate, containing in the place of the two atoms of 
hydrogen a dyad element, Mn, and plumbic sulphate, the dyad 
element, Pb, would then be written graphically — 

O O 

o=s— o o=s— o 

0— Mn 0— Pb 

The compound SO, is called sulphurous avihydride (from &v, noty 
withoni^ and vdo;^, water) ^ and the compound SO3, sulphuric anhy- 
dride ; for oxides which form acids when they combine with water, 
or salts when added to bases, are termed anhydrides* 

Water is usually viewed as an oxide of hydrogen. It may, how- 
ever, also be recraraed as a hydride of the semi-molecule HO. Many 
bodiU of aiudog^nB natnre.oLr among orga^c cpmponnds. and Z 
are, therefore, perfectly justified in taking this view of water, 
viz.: — 

OHa = H HO 
Hydric peroxide being then represented by — 

HjOa = HO HO 

the compound 6^202 consisting of two parts of the binary compound 
HO, which haa not as yet been obtained in an isolated condition, 
but exists merely in the form of the molecule. One of the semi- 
molecules, HO, m H2O8, takes the place of H in OH3, and it is, 
therefore, equivalence to H; i.e., it possesses the same binding power 
as hydrogen, or chlorine, or any other monad element. Such a group 
of elements which is capable of taking the place of one or more atoms 
of H is termed a ccmvpownd radical. The radical HO has received the 
name of hydroxyl, and is conveniently expressed symbolically with 
a small o after the H, viz.. Ho ; it must not be supposed, however, 
for a moment that a different atomic value appertains to Uie small o 
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ihan the large O. Hydrio peroxide oonsists of two parts of the 
oompoimd radical hjdroxyL Although Ho is a oompoimd, it yet 
aeU the part of a eimple atom, becaufie it enten into cambiMiHon with 
oiher tUomSf according to d^imie weight* 

Graphic representation illnstrates dearly its monad nature, fyr 
wa most write hydrozyl — 



only one hypothetical point of attachment of the oxygen atom being 
left by which it can join itself to hydrogen to form water, or to 
another hydroxyl radical to form hydrio peroxide. 

In lilro manner there mnst be as many compound radicals 
possiMe as there are metals. A few may be said to correspond to 
the peroxides, but in most cases they are pnrely hypothetical crea- 
tions, as the peroxides of many metals are unknown; thus we 



MetalB. 



Oxidei. Feroxidet. 



Barium .... Ba'' 



BaO 



BsO, 



fPK 
OK 

O 



HagnMiuin. 

Ziino 

Iron 

Lead 

Antimony. . 
Biflmuth .. 



2n" 

W 

Pb" 

8b'" 

Bi'" 



Compound radicalf 

corresponding to 

hjdrozyl or its 

multiple. 

Ko (Potaasozyl). 



ZnO 
FeO 
PbO 

Bl,0, 



Pb«^Oa 



QBa Bao" (Barozyl). 

Mgo" (Magneiozyl). 
Zno" (Zinooxyl). 
Feo" (Ferroaoxyl). 
Fbo" (Plumboxyl). 
Sbo"' (Antimonoxyl). 
Bio'" (Bismuthoxyl). 



The atoms of oxygen in these compound radicals are represented 
by a small o, indicating their binding Ainction, as distinct from the O 
atoms in the peroxides. In the peroxides the oxygen and metal are 
connected by one bond only of the atoms, whilst the remaining 
bonds of the oxygen atoms satisfy each other ; this is indicated by 
bracketing the o^gen atoms. In the metalloxyls, on the other 
hand, the oxygen atoms are linked to one or more atoms of other 
elements, for example — 



Baric Peroxide 8a^ 



8} 






i 



Baroiyl 



Bao" 



— O— Bar-0— 



figures after the small o indicate tl 

w 
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compound radicals, which these metals form, are capable of replacing' 
one, two, three, etc., of the monoyalentic radical Ho. 

On viewing in Kke manner the snlphnretted hydrogen gas, SHs^ 
which we obtained in Experiment 42, we may regard it either as 
water, OH3, in which the oxygen atom has been replaced by an atom 
of sulphur, or as the hydride of a compound radical hydroaubphyly HS, 
analogous to hydroxy!, — conveniently written with a small s,Hs, after 
the hydrogen, and represented graphically thua^- 

H— S— 

Only one point of attachment is left open in the dyad atom 
sulphur by which it can link itself to hydrogen to form sulphuretted 
hydrogen, or to a monad element, ex. gr., sodium, Na, potassium, K, 
to form NaHs, KHs. 

The ternary chemical compounds which are obtained when 
water combines with metallic oxides to form hydrates, must be ex* 
pressed graphically in like manner. We may view potassic oxide, 
OKa, as composed of the compound radical potassoxyl Ko — ^the 

radical in the molecule potassic dioxide ( X^ or KaOs j — together 

with an atom of K, thus — 

OKa = KKo ; 

and potassic hydrate as a compound of K and Ho, the radical 
hydroxyl, Ho, replacing potassoxyl, Ko, in potassic oxide. 

K— — O— K,orK— O— K. 
K— — O— H, or K— O— H. 

Metallic hydrates, then, may be viewed as binary compounds, in 
which one, two, three, or four parts of the compound radical 
hydroxyl are combined with one atom of a metal, according as the 
latter is of a monad, dyad, triad, or tetrad nature. 

Hydrates of monad metals — Graphically 

KHo . NaHo . AgHo K— Ho. 

Hydrates of dyad metals — 

Ca"Hoa . Pe"Hoa . Pb"Ho, Ca"=Ho,. 

Hydrates of triad metals-^ 

Au'"Ho, . Sb"'Hoa . Bl'"Ho„ Au'" = Ho,. 

Hydrates of tetrad metals — 

Sn*^Ho4, Sn'^ m Ho*. 

Some of the metallic oxides possess little or no affinity for water. 



HYDRATES. 67 

or, if they combine with it, form only weak chemical compoimdB, 
which are broken np again on the application of heat, into water, 
which is given ofi^ and oxides. On the other hand, metallic orides 
9Te often capable of fixing more than one molecule of water ; thus 
potaflsic hydrate (which is generally sold in the form of sticks, from 
having been ran into cylindrical metallic moulds whilst in an oily 
condition ; or in lumps, from being poured into flat iron vessels and 
broken np when cold), if left exposed to the air attracts moisture 
very rapidly, and forms an oily liquid — ^it deUquescea. Oil of vitriol, 
or sulphuric hydrate (which contains generally a little more than 
one molecule of water), also attracts moisture very eagerly. It is, 
therefore, employed for drying gases which are not acted upon by 
the acid. By passing gases through stdphuric hydrate, contained 
in a two-necked Woulfe's bottle, they are fr^ed from moisture, and 
may be collected in a perfectly dry state. As the combination of a 
farther molectde, or number of molecules of water with potassio 
hydrate or sulphuric hydrate is accompanied by a considerable rise 
in temperature, it is inferred that several hydrates of one and the 
same oxide may exist ; and this is actually the case. A tetrahydrio 
snlphuric acid, for instance, existe, which boils at 242°C., and is 
formed from two molecules of water and one of sulphuric anhydride. 

Symbol SO,, 2HaO, or SOH03H0,, 

O 

H— 0— S— O— H 

A natural compound, called gypsv/m (dried at 100^ C), is the 
acid salt of this tetrahydric acid, viz., SO Hoa Cao' (dihydric calcic 
sulphate). 

Ca 



/\ 



H— O— S— O— H 

J. 

It is usual to express dilute sulphuric acid by the formula 
SOtHos, and a solution of potassic hydrate, or caustic potash, bv 
the formula KHo, without regard to the amount of hydration which 
these bodies have undergone. The same formulae, however, possess 
likewise a definite meaning ; expressing, as has been already shown, 
in the strict sense of our symbolic notation, sulphuric monohydrato, 
potassic monohydrate. 
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QUESTIONS AND EXERCISES. 

1. Define what is moant hy reactions in the wei and dry 'way. 

2. Qiye instances of combination between oxides and water, and state on what 

grounds you consider such compounds to be the result of a ekemieal and 

not merelj physical combination. 
8. What do we understand bj the terms tertutry compound, an^dride, peroxide, 

hydroxyl, hydroaulphyl, deliqueacence t 
4. Ghive sjmbolic and graphic formuLe of sidphurous and sulphuric anhydride, 

of diyhdric sulphuric acid, of manganous sulphate, and of dihydrio calcic 

sulphate. 
6. Assign reasons for writing the symbolic formula of sulphuric acid, SOgHoi^ 

instead of SO4HS. 

6. Define a compound radical. Give illustrations. 

7. Write out the names of the compound radicals, corresponding to hydrozyl, of 

the following metals : — eodium, eedcium, copper (cuprum), mercury, eilver 
(arffenium). Give symbolic and graphic formula). 

8. Explain the use of the bracket and of the terminals ou» and ie, 

9. GKye symbolic and graphic formults for baric peroxidci manganic oxida, 

plumbic dioxide, potaissic dioxide, potassic hydrate, calcic hydrate, stannic 
hydrate, baroxyl, plumboxyl, argentic peroxide, argentoxyl, antimonious 
hydrate. 

10. STou haye giyen to you quicklime, dilute sulphuric add, and water ; what 

chemical combinations are you able to produce with these materials T 

11. Calculate the percentage composition of baric peroxide. 

12. What is the percentage of water in calcic hydrate, and in monohydrated 

sulphuric acid P 



Chapter XII. 

HYDROCHLORIC ACID.— CONVERSION OF METAL- 
LIC OXIDES INTO CHLORIDES^OZIDES OF 
CHLORINE. 

Experiment S6. — A fiask fitted with a cork and deliyery-tube, is charged 
with a few pieces of fused sodic chloride ; oil of yitriol is aaded in sufficient 
quantity to coyer the salt. On gently heating, a colourless gas is eyolyed, which, 
on coming in contact with the air, fumes considerably (comp. Exp. 62). 

The reaction is expressed by the equation — 

Na Cl-h SOaHoa = SOaHoNao + HCl. 

Hydric sodic 
sidphate. 

Hydrochloric acid gas can be obtained perfectly anhydrous by passing it 
through a Woulfe's bottle containing pieces of pumice-stone, moistened with ofl of 
yitriol (as was shown in Fig. 46), and can then be collected by duplacemeni» 
For this puroose pass the deliyery-tube to the bottom of a perfectly dry globidar 
flask. The fighter air is gradually lifted out of the flask by the heayier gas (the 
sp. gr. of HCl being 1*247, as compared with air^ and its escape from the flask is 
marked by white fumes, produced by the combination of the otherwise transparent 
gas with the moisture of the air. 
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Via. 47. 



Hydrochloric acid gas posflesses a powerfdl attraction for 
water. 

In order to iUufltrate this, place the globular 
flask with its mouth downwarcu in a small cap- 
•ule fbU of mercury. Transfer cautiouslj to a 
iMsin of water (Fig. 47), coloured blue by a few 
diope of litmus, and open the flask under water 
by raisine its mouth out of tbe mercury. The 
mter rushes in with great yiolenoe, for it is capa- 
ble of absorbing 480 tunes its bulk of hydrochloric 
aeid gas. The blue colour changes mstantane- 
onaly to red. 

Bxperioieiit SV* — ^Psss a slow current of 
dry hydrochloric add gas directly from the dry- 
ing-bottle orer freshly ignited cupric oxide, 
OuO, placed in a porcelain boat inside a tube of 
hard giftmt, in a manner similar to that shown in 
Fig. 23. The copper lays hold of the chlorine, and the oxygen combines with the 
hydrogen, according to the equation — 

CaO + 2HC1 r= CaCl, + OH,. 

The water is carried along and partly condensed in the further part of the 
tube, or carried with the undecomposed hydrochloric acid into a bottle containing 
a solution of sodic hydrate. The black oxide of copper is converted into a 
greenish liquid, which is partly left in the boat, and partly yolatiliced and con- 
densed with a portion of the water. The reaction takes place in the cold, but 
much more rapidly when the part of the tube containing the boat is gently 
heated. On allowing it to cool, and dissolving the cupric chloride left in the 
boat by the addition of a little water, a green solution is obtained. 

The same change takes place when mercnric or zincic oxide is 
acted npon, according to the equation — 

Bgo -f- 2HC1 r= Bgaa + on,, 

ZnO + 2HG1 == ZnCl, + On„ 

water being invariably produced, whilst metallic chlorides are 
fiirmed. 

A solution of hydrochloric acid gas in water (aometimes called 
spirit of salt, muriatic acid, chlorhydric acid, and hjdric chloride), 
18 largely used in the laboratory, and constitutes one of the most 
indispensable reagents. 

BxperloieBt S8. — Put one part by weight of dry sodic chloride (common 
■alt), and two parts by weight of concentrated sulphuric acid (previously diluted 
with one-third of water) in a flask (Fig. 41), shake well up, connect with two 
or three Wonlfe*s bottles, and apply a gentle heat. Small ouantities of sulphuric 
acid, which may be carried over, are arrested in the first Woulfe's bottle. The 
deliverr-tubes should be adjusted so as to dip barely into the water, because the 
hydrochloric acid is so eagerly absorbed by the water as to cause the contents of 
the Woulfe's bottles to remde, and because the add Uquid which is formed, being 
heavier than water, sinks rapidly to the bottom. 

A solution of pure hydrochloric acid should be quite colourless. 

IBxpeiiaieiit ^•.-«-Take a dilute solution of caustic soda (sodic hydrate) 
and add to it a few drops of litmus solution. The liquid turns intensely blue. 
Add now, by means of a little pipette (Fig. 48), dilute hydrochloric acid, drop 




70 PREPARATION OF BIETALLIC CHLORIDBS. 

by drop, and keep Btimng with a glass rod. Each diop of acid causes the Uqo 
liquid to turn red, whereyer it ialls. The red disappears, howeTer, on agitating 

the liquid ; but as soon as the greater portion of the 
alkali has combined with the acid, the red colour 
disappears more slowlj ; and one single drop of acid 
at last turns the whole of the blue liquid perma- 
nentlj red. 

This is a sign that no more free or nn- 
combined alkali is left. The alkali is «a^ 
rated with, acid ; as it is'termed, it is neutra-' 
lized, t.e., it does not affect either bine or 
red litmns. The chemical combination be- 
^^^^^^^^^ tween sodic hydrate and hydrochloric acid 

FKo. 48. is accomplished according to the equa- 

tion — 

NaHo + HCl = NaCl + OH,. 

Chlorine possesses a strong affinity for the metal sodinm. It 
leaves the hydrogen and combines with sodinm to form common scM 
or sodic chloride, NaCl, which crystallises ont on evaporation in a 
porcelain dish. Ponr off the liqnid and spread the crystals on filter 
paper, placed on a porons tile, to dry. 

It follows from this experiment that a metallic chloride can be 
obtained also by neutralizing a solution of a metallic hydrate with 
dilute hydrochloric acid, and that such chlorides possess all the 
properties of chlorides obtained in the dry way. 

Metallic chlorides can, with few exceptions, be prepared, as we 
have hitherto* seen, 

1. By the direct combination of chlorine with metals (comp. Exps. 

48, 49, and 50), e,g,, 

Mg + Cla = MgCla. 

2. By the action of hydrochloric add, either in the gaseous form 

or as dilute a^dd, upon metals (comp. Exps. 2 and 52), e.^., 

Na, + 2HC1 = 2Naa -h H,. 
Gaseous. 

Zn + 2HC1 = ZnCl, + H,. 

A dilute 
solution. 

8. By the action of hydrochloric acidj no maMer whether as gas 
or in solution, upon metallic oxides (comp. Exp. 57), e.g,, 

CaO + 2HC1 = CaCla + OHa. 

4. By the auction of dilute hydrochloric add upon metalMc hydrales 
(comp. Exp. 59), e.g,, 

KHo + HCl = KCl + OHa. 

* Other modes of forming metallic chlorides will be dealt with bebw. 
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Methods 3 and 4, of prepaiing chlorides, moreover, are the most 
oonvenient and most generally adopted, since metallic oxides or hy- 
drates, which occnr more frequently in nature than the metals, are 
mnch more easily and cheaply converted into chlorides than the 
metals themselves. This appliefl especially to the hghter metals, 
Na, K, Ba, Sr, Ca, Mg, AL 

We can prepare in this nuumer potassic ehloride, ba/ric, and ccUcio 
chlcride, etc., by neutralizing their corresponding hydrates with 
dilute hydrochloric acid, according to the equations — 

KHo + HCl = KCl 4- OH„ 
BaHo, + 2HC1 = 8aCl, + 20H„ 
CaHo, + 2HG1 = CaCl, + 20H,. 

Solutions thus obtained are termed chendcal solutions, because 
the solvent, HCl, forms with the dissolved substance a chemical 
compound. 

All metallic chlorides, with the exception of argentic, mercurous, 
and plumbic chloride, are soluble in water ; the latter is, however, 
partially soluble in cold, and readily soluble in boiling water. 

It may be useM to examine for a moment somewhat more 
closely into the action of hydrochloric acid upon the more impor- 
tant metals (method 2), and to observe — 

1. Thai certain metals* are readily dissolved with evolution of 

hydrogen, viz., K', Na', Ba", Sr", Ca", Mg", Al^ Fe' , 
Zn", Cd", Ni", Co", and (pulverulent) Cr»\ 

2. Others are only with difficulty soluble in boiling acid, viz., 

Sn". 

3. Others again a/re but slightly aita^ked by hydrochloric acid, 

viz., Sb"', Pb", Ag', Bi'", Cu", aud 

4. A few metals cure not affected either by cold or hot hydrochloric 

acid, viz., Au, Pt, As, Hg, and (crystalline) Cr. 

Hydriodic, hydrobromic, and hydrofluoric acid act in a similar 
manner upon metalKc hydrates. They form iodides, bromides, and 
fluorides, ex. gr. — 

KHo + HI = KI + OH, 

MgHo, + 2HBr = MgBr, -f 2OH3 
NaHo + HF = NaF + OH,. 

All metallic iodides and bromides, with the exception of argentic 
iodide and bromide, are soluble in water. Metallic fluorides, on the 
other hand, are for the most part insoluble in water, with the ex- 
ception of the alkaline and a few other fluorides. The best known 

* Practically no other but the few metals printed in thick type would erer be 
thus used for the preparation of metallic chloridee. The atomicity marks placed 
on the right hand side above the symbols indicate the nature of the chlorides 
which the different metals form under the giyen circumstances. 
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flnoride is ealdo flaoride^ or fiu/oft spoTy insoliible in water and 
dilute aoids. 

Chmpounda of Chlorine vfUh OmfgBtL — ^There iB no method known 
by whicn chlorine can be made to nnite directlj with oxygen. The 
consideration of the more important componnda formed by chlorine 
with different proportiona of oxygen, as set forth in the following 
table, will, therefore, be resumed when the reactions of the oxy-acida 
of chlorine come to be studied. 



(hides of Ohlorme. 



Name. 



Hypocbloroufl anhydride 



Chloric oxide (P) 



Ghlorouf anhydride 



Chloric peroxide 



Chloric hyperoxide (P) 



Symbolic 
Formide. 



{ 



OCl, 

ocn 
oci/ 




By ifeight. 



CI 



71 
71 

71 



71 



71 



16 
38 

48 



64 



96 



QUESTIONS AND SXEBCISSS. 

1. How would yon demonstrate the great eolubility of hydrochloric acid gas in 

water? 

2. What ie the actbn of dry HCl gas npon dry metallio oxides? Qt?e 

equations. 
8. How is a concentrated solution of hydrochloric add prqiazed P 
4. You haye given to you a dilute solution of sodic hydrate and dilute hydro- 
chloric acid : state how you would prepaxe from uiese materials ciystels of 
oommon salt P 

6. Explain the terms neutraUge, c h e mic al toUtHtm, evaporatum, 
0. Which metallic chlorides are insoluble in water P 

7. Commit to memory the action of hydrochloric add npon the more important 

metals. 

8. Enumerate the different methods for preparing metallic chlorides, and state 

which methods you would follow n you had to prepare cupric chloride, 
mercuric chloride, zindc and ferrous chloride, sodic chloride, stannous 
chloride. G-iye equations. 
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9. GiTO BTmbolM and gnphio finmialflB for antimoxiioiUi eaprio, magneno, 
oobutous, manganoiiB, and argentic chlorides. 

10. How much sulphuric add (SO^Oj, molecular weight 98) is required to de- 

compose 100 grms. of fiued so& chloride, so as to leaye hydric sodio 
salfAateP 

11. How much metallic zinc can be dissolved bj 60 grms. of hydrochloric acid 

containing 20 per cent, of acid by weight. 

12. How much dry hydrochloric acid gas by weight and by rolume will be required 

to o(Hnbine with 6 grms. of ignited cupric oxide P 
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FORMATION OF TERNARY OXT-COMPOXTNDB 
FROM MBTALLIC HYDRATES AND OXY-ACIDB. 
—CARBONIC AND SULPHUROUB ACID.— CAR- 
BONATESi SULPHATES, AND BULFHITEB. 

SzpcrlBieiit 69. — An aqueous solution of caustic potash (potassic hydrate) 
m neutralised, as shown in Experiment 69, in a beaker with moderateW dilute 
aolphnrio acid (1 part by measure of strong acid dilated with 8 parts by mea- 
aore of water). A lew drops of litmus solution are added to indicate the change 
from blue to red, i.«., the neutralization of the alkali by the acid. The liquid is 
evaporated in a porcelain dish till a slight film forms upon it and then set aside 
to cooL Ciystals of a salt called potauio nUphaie are obtained. The change 
takes place according to the equation — 

2KHo + SOsHo, = SOsKo, + 20H,. 

On examining the crystals qnantiiatiTely, they are fonnd to be 
composed of K, S, and O only, water bemg emninated. By the 
change, the compound radical potassozyl, Ko, takes the place of the 
radical Ho, or a molecule of potassoxyl, K02, replaces the molecule 
Hoi in snlphnrio acid. It is represented graphically thns : — 

O 

II 
K— 0— S— O— K 



A 



We hare already become acquainted with a gaseona compound 
of carbon and oxygen, called carbonic anhydride gas, COi, which we 
obtained by burning carbon in air or oxygen. This gas is more 
readily prepared by acting upon mineral bodies contaimng it, such 
as chidk, marble, with hydrochloric or other acid. 

SzpeiiMent •!. — ^Introduce into a bottle (Fig. 49) a few pieces of marble 
and add throufi^ the funnel-tube dilute hydrochloric acid. Effenrescenoe ensues 
and a oolouriess oas comes off. Fresh acid is added from time to time, as long 
M aqy marble is left undissoWed. The reaction is expressed by the equation — 
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COCao" + 2HC1 = CaCla + CO, -h OH,. 

Caldo Calcio 

carbonate. chloride. 

We can readily collect some of the gas over water in glass cylin- 
ders and have no difficulty in recognising it as carbonic aiihy- 




Flo. 49. 

dride, since it extingnishes a light, is heavier than air, and gives 

a white precipitate with lime or baryta water. Its specific gravity 

1*529 
compared with air is 1*529 or = 22, when compared with 

hydrogen. 1 litre of the two- volume vapour carbonic anhydride, 

consisting of one atom of carbon and two atoms of oxygen weighs 

12 + 2 X 16 

— — ^ = 22 times as much as a Htre of hydrogen or 22 

criths, i,e.f 22 X '0896 grm. = 1*9712 grm. The molecular weight 
of carbonic anhydride is therefore 44. It is written graphically 
O = C = O, carbon being a tetrad element. 

Experiment 6S. — Paas some carbonic anhydride into a Bolution of caustio 
Boda, NaHo. The gas is absorbed. On eyaporating the solution to diyness, and 
igniting gently in a porcelain dish, then dissolving the dry mass once more in 
hot Mrater, crystals of a salt are obtained, which analysis has shown to be com- 
posed of three elementaiy bodies, yiz., sodium, carbon and oxygen. Its formation 
IS explained bj the following equation : — 

2NaHo + COa = CONao, -f OH.. 

The salt is disodic carbonate, and is one of a large and important 
class of salts called carbonates. The tetrad element carbon forms 
the grouping element, its bonds being satisfied by one atom of dyad 
oxygen and two parts of the monad radical sodoxyl, Nao. It is 
expressed graphically : — 

O 

II 
Na— 0— C— 0— Na. 

We have now to add one more method to the four methods 
enumerated above for preparing metalUc chlorides, viz., by the action 
of dilute hydrochloric acid upon metallic carbonates, e.g. — 
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COCuo" + 2HC1 = CuCla + COi + OH, 
COMgo" + 2HC1 = MgCU + CO, + OH,. 

It is obyiona that metallic sulphates (comp. Exp. 60) may, in like 
maimer, he prepared from m^taUic carboruUes, by treaMng the loiter 
wUk ddhUe mdphuric acid, e.g. — 

COFeo" + 80,Ho, == SO,Feo" + CO, + OH„ 

Penons Penons 

carbonafte. sulphate. 

and as man j metals occur in nature abundantly in the form of car- 
Ibonates (a.^., E, Na, Ba, Sr, Ca, Mg, Fe, Zn, Mn, Pb, On), this 
method of preparing chlorides and sulphates will at once recommend 
itself as the most convenient and cheapest, especially as carbonates 
are, for the most part, decomposed with great facility even by weak 
organic acids, such as acetic or tartaric acid. 

BxperlaieBt SS. — Para carbonic anhydride gas through a solution oi bario 
hjdrate, BaHo,. The gas is likewise absorbed, and a white precipitate fidls as 
soon as the first bubbles of the gas are passed into the solution. The precipita- 
tion ceases after a while, and by filtering off the white powder, which consists of 
bariom, carbon and oxygen, we obtain a salt called CMuic carbonate, which is 
inaolable in water. Its formation is expressed by the equation i— 

BaHo, + CO, = COBao' + OH,. 

On passing carbonic anhydride gas somewhat longer through the solution in 
which some of the precipitate is suspended, the precipitate disappears and the 
liquid becomes once more dear. Bxoess of carbonic annydride then dissolres the 
hinc carbonate ; it combines in fiMst with the caustic alkalies and alkaline earths 
in two proportions, forming either a neutral carbonate or an acid, or hydric 
eaxbonate respectively. 

The carbonates of the alkali metals are soluble in water, all 
other carbonates are insoluble. 

Potassic sulphate, like sodic chloride, has neither acid nor basic 
properties ; it is an indifferent body. Sulphates of the alkali metals 
are soluble in water. Baric sulphate is prsictically insoluble in water 
as well as in dilute acids ; strontic, calcic, and plumbic sulphates are 
nearly so, argentic sulphate is difficultly soluble in water. All other 
metallic sulphates are soluble in water. 

Metallic sulphates can, with few exceptions, be prepared — 

1st. By the action of svJph/imc acid upon the metals,* 

(a) wUh evolution of hydrogen, e.g., K, Na, Ba, Sr, Ca (the last 
three metals are imperfectly acted upon on account of the 
formation of insoluble sul^iates). Mg, Al (requires the 
application of heat) Fe", Zn", Cd, Ni, Co, Mn, and (pul- 
yernlent) Cr, Sn (imperfectly acted upon by dilute sulphuric 
acid with evolution of hydrogen). 

(h) by the action of concentrated sulphuric a>cid unth evohiiion 

* Practically no others than the metals printed in thick type would erer be 
diasolred in sulphuric acid for the purpose of preparing their sulphates. 
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mdphurous anhydride (SOa) espeeiallj cm heating, e.g.j 
Cu", Bi'" Br' Ar, Sb'" and Sn", Pb (slightly soluble 
only on heating.) 

whilst a few metals, such as An, Pt, As and Cr (crystalline) are not 
affected by concentrated snlphnric acid. 

2nd. By the action of dilute euLphwric acid vpon metallic oxides^ 
e.g. — 

KnO + SOaHo, = SOaZno" + OH,. 

Zincio Zinoio 

oxide. sulphate. 

8rd. By the action of dilute eulphnrie a>eid upon metallic hydrateSj 
e.g. — 

MnHo, + SOsHo, s= SOaMno" + OH,. 

ManganoTU ManganooB 

hycuste. Bulphate. 

4th. By the auction of dilute eylphwric acid upon metaXUc earhonateSf 
as described above. 

Bxperlaieiit 64. — ^Introduoe some copper clippings into a flask, fitted with 
a funnel and delirery-tube (as seen in preoecung fig.). Add a little concentrated 
sulphuric acid, and heat gently over a sand-bath. A gas is eToWed, which is 
readily recognized by its pungent odour as nUpkwrout anhydride. The reaction 
takes place according to tne equation :— 

On + 2SO,Hoa = SOa + SOaCno" + OH,. 

Sulphurous Cupric 
anhydride, sulpnate. 

^e oxidation of the copper is effected at the expense of sulphuric acid with 
CTOlution of one molecule of 80,. A second molecule of 80,Ho} combines with 
the cupric oxide to form cupric sulphate, which is left behind in the fiask and 
which may be recovered by dissolring in water, filtering and exaporating, in the 
form of fine blue crystals (80,Cuo'',50H,). 

Several other metals, 6.^., Hg, Ag, might have been snbstitnted 
for the metallic copper. 

When snlphorons anhydride is absorbed by water it prodnces 
snlphnrons acid, SOHo,, thus : — 

SOa + OH, ^ SOHo,. 

Snlphnrons anhydride, when passed into a solution of aodic 
hydrate, is absorbed with formation of a sulphite^ if the SOa be in 
excess— of an acid sulphite, 6.^., — 

2NaHo + SOa = SONaoa + OHa. 
NaHo + SOa = SOHoNao. 

Acid or hydrio 
sodic sulphite. 

Metallic sulphites are readily produced by adding a solution of 
sulphurous acid to a mstalUc hydrodCy oxide, or caahonate. The group- 
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ing element snlpliTir acts bb a tetrad element. Its bonds are satisfied 
in metallic salphites hy one atom of dyad and two of a monad or 
one of a djad metallos^l, thus : — 

8ymbolicaUy» OraphicaUy, 



SOHoNao Na— 0— S— O— H 

O 

SONaoa Na— 0— S— 0— Na 

Snlphnitras anhydride (like carbonic anhydride) is readily 
liberated from metfJHc snlphites by the action of hydrochloric, or 
Bolphnric acid. 

Potassic sulphate is the representative of a large nmnber of 
ternary oomponnds called oxy-saUs, because three elementary bodies 
enter into their composition, one of which is always oxygen. 

Salta may thus be divided into — 

1. HcUoid salts (binary compounds), e.g,y chlorides, bromides, 
iodides, etc. 

2. Oxy-scUts (ternary compounds), e.g,^ sulphates, sulphites, 
carbonates, etc. 

and the same nomenclature is used in the case of ozy-salts which 
was adopted for haloid salts, viz., the name of the metallic element 
is employed adjectively, and that of the acid substantively ; the 
name of the acid element of ozy-salts ending, however, as in potassic 
sulphate and sodic sulphite in ate and ite, in order to distinguish them 
frt)m the acid element of haloid salts which terminate in u2«, as 
potassic chloride. 

QUESTIONS ASD SXSBCISES. 

L Yon ha,re riren to jou metallic silver, ferrous carbonate and sulphuric acid. 

State what chemical compounds can be produced from these materials. 

Express the changes by equations. 
8. DMcrioe the most oonTenient methods for preparing magnesic sulphate, disodio 

■ul{^te, mercuric and sincic sulphate. Express the changes by equations. 
8. Explain what takes place when OOj is sucoessirely passed into distilled water, 

into solutions of baric or calcic hydrate. 
4. Find the volume weight of OOj, and calculate the weight of 66'6cc. of carbonic 

anhjdride. 
6. You have given to you a piece of charcoal weighing 5 grms. and 6 litres of 

oxygen. How much OOj by volume and by weight can you obtain by the 

combustion of the carbon in oxygen, and how much carbon, if any, will 
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6. Hmr mneh OOj bj veight and b^ Tolume wiU be nquiMd b> Mufnl 1*6 

grn». of NkHo into duodic ovbonate T 

7. QiTS the ijnibolio and gnphio fonDuln of the following compound* : nl- 

pburoiu acid, Iijdrio lodu; mlpbito, buio cuboiute, nldo nilphaUi, 
rnkgncuo nilpbite. 

8. EipUin what nomenolatora ha* been mdoptod for diilinguiihitlg bkknd fivm 

OiT-ialta. G-ire illuitratlona. 

9. Wa inhala air and throir offcarbonia anbjdride &om onr lunga. How would 

joa ihow eipenmenUllj that the amoimt of OO] in a girea ndame of 
air which ooniM bum oia lunga, u tmr greater, than the quantitj of car- 
bonio anhydride wbinh ii found in an equal TolimiB of tae air which wo 
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THE OXIDES or NXTROOEN. 

Two important oompounds containing one of the oiideB of nitrogm 
in cximlnnaticm with the aUcali metala potaaainm and sodium exist in 
nature, and are known to ns as potath nitre (or icUlpetre) and loda 
nitre (ChUi saltpetre, cubic nitre). The affinity which nitrogen 
poasesBes for oxygen ia bo feeble, that in atmospheric air (which 
conBista of a mixture of these two gases) they exist side by side with- 
out combining ; and it is only by the moat powerftil agencies (encli 
as electrical discharges) that very trifling quantities of an acid pro- 
duct of oxidation can be obtained. Kitre is principally found in 
tropical countries, where the rapid oxidation of certain organic nitro- 
genized bodies, snch aa animal excrements and especially urine, 
under the inflnence of a hot tropical sun, especially in presence 
of porous Ume soils and soila nch in alkaUee, produces this 
moat unportant of nitrogen compounds in considerable qoan- 
tities. We know of no reactions by which the oxides of nitrogen 
oonld be formed directly from their elements in appreciable quantities. 
The affinity which draws their component atoms together being 
fotmd very feeble, their power of resisting decomposition is propor- 
tionally weak ; and hence it is that these compounds part readily 
with their oxygen, and that the different oxides of nitrogen are 
among the most powerful oxidizing agente known. 

Bxyerlaaent CB. — Introduce into a email retort (Fig. 60) a little nitre witli 
enffident ooooentrated lulphuric acid t« oorer the >att. Carefiillj preTant the 
acid and the >alt from ooming 
in contact with the neck of the 

Applf gentle heat. A rs- 
Bction u seen to take jdace, and 
mddj TBpoun come off which 
oondenie in the neck of the »- 
tort. The receiiiog 9uk ihould 
be kept oool bj p^tiailr im- 
mermng it in a fauin of cold 
water and bj ooTcring it with 
a wst cloth or fllter-paper. The 
diatillalion continue* briaUj bi 
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■ome time, and anoimnge red liquid oondeiiBesin the reoeiTer. The opention mar 
he diaoontmned when no more ruddy Tapoun eie obeerred in the body end necx 
of the retort. 

The Hqiiid in the reoeiyinsf flask reddens hlne litmus instants- 
neonsi J. It is an acid hody cijled nitric acid. Analysis has proved 
that it is a ternary hodj, composed of nitrogen, oxygen and hydro> 
gen, Tiz., N,Oi,H. mtroeen heing, however, a pentad element, it 
follows that in 2N0sH (which we maj view as obtained by the oom- 
binatian of one molecnle of NsOs with one molecole of OHs) six 
atoms of dyad os^gen and two atoms of monad hydrogen cannot be 
nnited dir^^y to two atoms of nitrogen ; but that the two atoms of 
hydrogen link themselves to two atoms of oxygen to form two semi- 
molecnles of the compound radical hydroi^L This may be shown 
graphically as follows : — 

O 

II 11 • II 

0=N— O— N=0 + H— O— H = 20=N— O— H. 

one molecnle of anhydrous ITsOs must therefore give rise to two mole- 
cules of nitric hydiate or nitric acid, the atom group NOs remaining 
unchanged, like the group SO29 in SOtHoa. 

The pentad element nitrogen links together two atoms of dyad 
oxygen and the monad radical hydroxyl, and we therefore write the 
graphic formula of nitric hydrate or nitric add-^ 

O 

II 
0=N— O— H. 

The distillate collected in the receiving flask consists of a more or 
less concentrated solution of nitric acid. It attracts moisture from the 
air and holds it chemically combined, yielding it up again only by 
round-about processes, and not without sufiering partial decompo> 
■ition* 

• On warming the flask ruddy fumes of a sufibcatrug and poisonous 
nature are given off, and the remaining liquid becomes colourless or 
nearly so. The volatile gaseous portion consists of lower oxides of 
nitrogen. It is evident therefore that the aflBinity which nitrogen 
possesses for oxygen in nitric acid is not sufficient even to resist its 
partial decomposition by simple distillation. 

The liquid remaining in the retort solidifies on cooling to a 
saline crystaUine mass of hydric potassic sulphate. It is possible 
under given conditions, e.^., excess of acid, to obtain a sulphate in 
which only half the Ho is replaced by Ko. Such salts are called 
add salts. Only dibasic or dihydric acids are capable of forming add 
salts. Monobasic acids (such as nitric acid), containing one replace- 
able Ho, can only form one kind of salts. 

The action of sulphuric acid upon nitre or potassic nitrate is ex« 
pressed by the equation— 

irOsKo + SOtHoa = HOaHo + SOaHoEo. 

Hydrio potaasio 
sulphate. 
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A more dilute nitric acid formed from one molecule of STtOf, and 
fonr molecnles of water is a much more stable liquid. The degree of 
hydration in the case of nitric acid, as in that of other acids, is 
generally not expressed by the formula assigned to the dilute add. 

Nitnc acid forms witn metaUic oxides, hydrates, or carbonates, 
salts called nitrcUea^^ which are all solvhle in water, ex. gr. 

KHo + irOjHo = HOgKo + OH,. 
CaHo, + 2HOJB[o = jj^* Cao" + 20H,. 

PbO + 2irojao = 2R'^^' + oh; 



/] 



BfcO, + 6H0JBL0 = 2/ HO^io'" | -h 30H,. 

In the calcium and lead salts two molecules of nitric acid are united 
by the dyad compound radicals Cao", Pbo^', in the bismuth salt three 
molecules of acia are held together by the triad compound radical 
Bio'". These salts are represented graphically thus :— 

0=N— 0— Ca— O— N=0 0?=N— 0— Bi— 0— N=0 

A & I i h 

I 

0=N=0. 

Bxperlment 66. — Heat a small quantity of diy plumbic nitrate (powdered) 
in a retort of hard glass. Connect the neck of the retort with a U-tube 8ur> 
rounded with cold water, or better still, with a freesing mixture of ice and salt. 
The lead salt melts and decomposes. Buddj fumes of nitric peroxide oome off, 
which condense in the U-tube. Oxygen escapes through the open drawn-out end 
of the tube. Test the gas with a slowing chip of wood { the wood is rekindled. 
Collect a little over water by attacning a deliyeiy tube to the U-tube. 

A dark brown powder is left in the retort, turning orange-yellow 
on cooling. It consists of plumbic oxide, PbO. The decomposition 
may be expressed by the equation — 

5g;pbo" = Pb + {58: +0- 

This experiment proves — 

1. That plumbic nitrate is converted by heat into plumbic 
oxide. 

2. That nitric anhydride, ITsOf, is given off, but that it breaks 
up immediately into oxygen, and a gas of a ruddy colour, 
ITsOa or nitric peroxide which can be condensed to a Uquid. 

Quantitative measurement of the oxygen evolved fixun a given 
* The action of nitric acid upon metals will be explained below. 
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qnaniity of plumbic nitrate has proved that it forms exactly ^ of the 
total oxygen contained in nitric anhydride, and the breaking up of 
the molecnle must therefore take place according to the equation : — 

ir,0, = Ha04-h O; 

and as the Ns in ITaOi forms a chemical compound with O4, it is 
cbyions that the nitrogen atom could no longer be pentavalenticy as 
foar atoms of dyad oxygen can no longer satisfy the combining powers 
of two atoms of pentad nitrogen. It is also apparent that if nitrogen 
acted as a tetrad element in ITaOi, there wonld be no connection 
between the two atoms of nitrogen, thns : — 

0=N=0 
0=N=0. 

It is therefore probable that the connection between the two 
nitrogen atoms still exists, even without the intervening oxygen 
atom, and that nitrogen retains its pentad nature, thus : — 

0=N=0 



o=]lr=o 



The &ct that the atom of oxygen which linked together the two 
groups of NOi in ITaOf is so easily driven out by heat, shows — 

3. That a marked difference exists between the chemical affinity 
which the two atoms of nitrogen in ITsOs exhibit for the 
different atoms of oxygen. 

The yellow liquid collected in the U-tube boils at 22^0., 
and solidifies to a mass of colourless crystals at — 13° C. The 
crystals dissolve at first to a colourless liquid, which turns 
yeUow as the temperature rises and becomes at last red. Blue 
litmus-paper is turned red by the puffs of ruddy vapour expelled 
from the liquid ; and the compound N2O4 was therefore thought to 
be an add body, and was called hyponitric acid. This reddening of 
the litmus is, however, due to the water in the paper, with which 
V%Oi undergoes a decomposition, and the name hyponitiic acid is 
quite inappropriate. A most interesting change takes place when 
the ruddy vapour of ITaOi is passed into a solution of potassio 
hydrate. Complete absorption of the gas is observed to take place^ 
and the liquid loses its alkaline properties. On examining the pro- 
ducts thus formed, we find two different salts, potassic nitiate, 
STOaKo, and potassic nitrite, of the composition ITOKo. The acid 
corresponding to this latter salt is ITOHo, containing one atom 
of oxygen less than nitric acid. It is called nitrous add. The 
change may be expressed by the equation — 

{ ho! ■*■ ^^^^ "^ HOaKo + HOKo + OH,. 

Nitrous add, on combining with bases forms well characterised 

o 
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salts called niiriies. In the free state, however, it is extremely 
imstable. It cannot be preserred at the ordinary temperat ur e, 
without undergoing decomposition, according to the equation :^^ 

dHOHo = irOnHo + HA + OH,. 

The following considerations render it probable that three atoms 
of oxygen in nitric anhydride are held less firmly by the nitrogen 
atoms than the other two atoms of oxygen. 

In the molecnle of nitric anhydride represented graphically by 
the formnlsf— 

0=N=0 



101 

• * 

0==N=0 
the oxygen atom in the dotted square is the first to go oni^ 
leaving the molecule < wq' (nitric peroxide). 

0=N=0 



0=N=0 

In both formulsd nitrogen acts the part of a pentad element. 

lK%Oi would appear to contain an atom of oxygen less firmly 
united with the nitrogen atom ; viz., the oxygen atom which has 
been placed within a dotted square — 

0=N=0 
0=N==iO 



In the molecnle of nitrons anhydride, ir2"'03, nitrogen is a triad 
element, two of its bonds becoming latent, thus : — 

0=:N-0-N=0 

It is evident from a glance at this formula that the oxygen atoms 
of ITsOi must rearrange themselves, for we have again an atom of 
oxygen linking together the two nitrogen atoms, as in nitrio anhy- 
dride. 

In consequence of the unstable nature of free nitrous acid, it can 
be employed for purposes either of oxidation or reduction, as we 
shall see hereafter. Nitric peroxide breaks up according to the 
equation — 

H2O4 + OH, = HO,Ho -f HOHo ; 
and nitrous acid according to the equation — 

BiroHo = iro,Ho + ir,o, + oh., 
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kBTing u the altimBto products of decomposition of ITiOt Onij 
tatric aad and a colonrlesB gas called nitric oxide. If lOi. 

■xpciiBeat Sf . — Introduce Bome copper tnnunga or clipping* Into » two- 
tMdad Wmlfe'i botUe, A, pnmded with a fmuul and dfiliTsry-tabe, JB and C, Fig. 
SI. Nibic aad, dilated wita 
about half iU bnlli of water, 
is then poured through the 
fiumel into tb* bott^, wbiob 
maj be placed in a batin 
(tf cold water. The erola- 
tion of red fumes kmd 
begini, and the air i< gradn- 
allj dintloced hj the g>^ 
The red fames within the 
bottle diatppesT (a aign that 
the air baa been displaced), 
and at laat the ga« whicji - -'- 
oomce otr appean quite 
eoloorlen. As soon as Ibe 
n» which inne* from the 

tact with the air, it turns 

reddish brown. The fumes of this reddish brown gu are iigarioos when 
inhaled ; the experiment most therefore be conducted in the open air or in a 
clowt with sliding windows, and in B good draught. A glass cylinder is now 
SUed wi^ water rendered slight!; alkaline b; means of a few drop* of sodio 
hjdrate (in order to absorb anj fumes of nitric acid that maj be carried orer), 
and iuTerted orer the shelf of the pneumatic trough, and the gas collected in 
the usual manner b; the displacement of the water in the crlinder. A perfectly 
colonrlees gas is thus obtained. The cylinder, when full, isolosed under water bj 
means of a glass ptat«, and then remoTed with its gaseous contenle. On intro- 
ducing seretal folds of litmos-paper moistened with water that is rendered 
■ligbtlj alkaline bj means of a few drops of sodic hydrate, the gas turns instan- 
taneously reddish brown at the mouth of the cylinder, wbne it oomes in 
contact with the air. The blue litmus is seen to turn red as rapidly as the 
mddy fumes form. When the cylinder has been filled half way down with 
these fumes, the glass plate is replaced and (he lower port of the folds of litmus- 
paper is seen to remain blue in the colourless portion of the gas, whilst the upper 
part turns inteneely red. 

This experiment proves thsrt the colonrleas gas obtained by iho 
action of copper upon nitric acid ia not an add body, and that by 
mere contact with air it is converted into reddiah-brown acid fomea, 
which are abeorbed by water or by sodic hydrate. Since the oxygen 
and moistnre of the air convert the coloorleas gaa into an acid with 
which we have already become acquainted (viz., into nitrons acid), 
it is reasonable to suppose that the ooloorless gas is likewiae an oxide 
of nitrogen, containing, however, lees oxygen than nitrons acidi and 
aince it does not react acid, it can only be one of the two remaining 
oxides, i.e., it must be either IfiOi or ON,. Now qnantitative ex- 
periments have shown that the gas is composed of two atoms c ' 



nitrogen and two atoms of oxygen, 
graphically— 



It is written Bymbc^cally and 
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an aU>m of nitrof^en being linked to snother atom of nitrogen, 
learing two more bonds free in each, wMcli are Batisfied by an atom 
of djvd oxygen. , 

The iMction* which took place when copper was treated with 
nitric add mnst, therefore, be expreased by the following equation — 

SOn + 8H03o = 85o,'^°°" "*" *''°' ■*" ^^ 

and the deoxidation of a molecnle of HjO^ which we have previonsly 
Been accomplished, step by step, firet to HiOt, then to H lOt, and 
lastly to ITiOh is in this reaction attained at one leap. 

Other metals, e.y., lead and mercniy, are acted upon by nitric 
acid in like manner, i.e., they are converted into nitrates — 

SPb + 8H03o = sJ^Tbo" + W,0, + 40H,. 

SHg + 8HO.H0 = 3 J^^Hgo" + HiO, + 40H,. 

Others, again, deoxidise nitric acid to a less extent, ench as tin 
and silver — 

5Sn + aOWOiHo = Sn.O.Ho„ + 50H. + 10W,O«. 

Metuttumio Nitric 

%ai. peroxide. 

4Ag + emo^Ro = 4n'o,Ago + ir,o, + soHi. 

Nitrona 
anhjdride. 

4Zii + 10irO»Ho = ^ Jzno" + ON, + 50H.. 



In this latter reaction, howerer, the colourless gas ONi, called 
nitrons oxide (also known as laaghing gas), is never fi«e from the 
higher oxides, HiOi, HiO), HiOi; and the reaction is not nearly 
so perfect as that which took place when copper acted npon nitrio 
acid. We may Bom up by saying, thai ruddy vapours re»ult from 
the action of ni7rir acid upcm metala, 

' Nitric acid oxidizes likewise most of the metalloids with evoln- 
tion of red fames. Powdered charcoal, when treated with If OiHo 
III 11 liii;li liTiipiniUirv. ili'pomposes it entirely with formation of 
cftrl»>iiie aiilij(|ri(ie and nitrogen. Sulphnr is gradaally oxidized 
into Btilpburip acid; mttnllic snlphides into sulphates. Fhos- 
phomtt ia oxidizud into plmsphoric acid. DUnte nitrio acid (sp. gr. 
1-20} Hbonld be employoil, and small pieces of phosphoros only 
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should he introdaoed into the hot acid at a time. By employing 
amorphous, or red phosphorus, the dang^ of an explosion is avoided. 
Iodine is oxidized by strong boiling nitrio acid into iodic aoid, 
according to the equation : — 

6irO,Ho + la = 2 1 J]^^ + 20Ha + 2ir,0, + H A- 

Iodic add. 

Wood, wool, horn, skin, silk, are stained yellow by dilnte acid, 
and are converted by concentrated nitric acid into compounds of 
great practical importance, snch as oxahc acid, gon-cotton, etc. 

The five compounds which nitrogen is capable of forming with 
oxygen illustrate very well the law of constant combining propor- 
tions, according to weight and volume, as will be seen from the 
following table : — 

Bj Tolume. 

Nitrons oxide. ... ON, ^ vok^^of N^and 



B7 weight. 

28 + 16 = 4A. 



Tffjj- .J i» rk 2 vols, of N, and 

Nitno onde .... H,0, ^ ^^^ ^^'q 

Nitrons anhydride ir.O. ^ g^^'o"* 

Nitric pen.xide .. HA ^^tob^S'S"' 

Nitric anhydride. H.O. ^ itob'o^"^' 



28 + 32 = 60. 
28 4- 48 = 76. 
28 + 64 = 92. 
28 + 80 = 108. 



We must content ourselves with merely referring in a tabular 

form to the molecular composition of these five bodies ; remarking 

that nitric oxide and nitric peroxide show anomalous molecular 

volumes — 

Specific grayity 
Molecular Molecular reform to 

weight. Tolome. hydrogen. 

Nitric anhydride . If gOt 106* 2 toIb.* .... 



54 oritha. 



Nitrona oxide. • . . ON] 44 2 Tola [_ 



Nitric oxide .... Vfit 60 
Nitrous anhydride IVsOi 76* 



4 Tola 












2 Tois.* .... r~~ ~] 



22 

16 
38 



»» 



»t 



9» 



Tr.h^^ Tu^^iA^ rifjO* 46 r2Tol».atO*C. \i — 1 — 1^^ ^^ .^^ 
Nitec peroxide.. I J^J^ ito4ToU.atl00«C.; LJ_1 ^ *^^ *^*^' 



All the preceding experiments have shown that we possess in 



* Theae molecolar oombinationB have not been determined with absolute 
certainty, and the abore figures represent merely their probable composition. 
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nitrio aoid (sometimes called aqwx forHs) a powerfiil solvent for 
matals. This is owing either to the mobile nature of three oat of 
the fire ozjgen atoms contained in each molecule; or to the 
slight resistance which the acid offers to the deoxidizing action 
of the elements, especially metals, whereby the nitric acid is partially 
or entirely deprived of its oxygen. Gbld and platinum are not 
affected, i.e., not oxidized, by nitrio acid when in an unalloyed 
condition. 

AluminiuTn strongly resists the action of nitric acid, even at a 
boiling heat. 

Tin and antimony are converted into oxides, insoluble in nitric 
acid. Concentrated nitric acid does not act upon iron and tin at the 
ordinary temperature, though it dissolves them rapidly when 
diluted. When iron is immersed in concentrated nitric acia (sp. gr. 
1*45), it remains unacted upon ; and when subsequently plsiced in 
dilute acid, without first being wiped, it cannot be dissolved ; it is 
said to assume the passive state. The cause of this peculiar action 
has not yet been satisfactorily explained. 

Comparatively few of the nitrates are commonly met with ; the 
most important 



Potassic nitrate (nUrej saLtpeire) ...... ITOtKo. 

Sodic nitrate {cubic nitre, or OhiU 1 ^q -^ 
saltpetre) J 

Baric nitrate .... wq'^^'^ '* 

8trontic nitrate IffO*^^"* 

Cobaltous nitrate wo'^^^ "' 

Humbic nitrate 5o'^^"' 

HO,— » 

Bismuthous nitrate ITOsBio'". 

HOa_, 

Argentic nitrate (lunar crustic) STOaAgo. 

Mercuric nitrate So ^8^ "• 

A mixture of six molecules of hydrochloric, and two molecules 
of nitric acid, is called aqtui regia or nitrO'hydrochloric acid — 

2N0aHo + 6HC1 = NaOaCl^ 4- 40Ha + CI,. 
The compound BT,0,Cl4, chloronitric gas, graphic formula — 
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CI 

CI— N=0 
CI— N=0 

<!■ 

may be yiewed as nitric peroxide, in whiob two atoms of djad 
oxygen are replaced by fonr atoms of monad cblorine. ITsOsCl^ 
IB of a still more nnstable natnre than the compound ITaOi. It 
foims a readily available source of chlorine, and is employed for dis- 
solving gold and platinum ; since chlorine acts in the nascent state 
on these metals, and forms with them soluble chlorides — 

HjOaCli + Pt = ir,Oa + WJ^OI*. 

Flatinio 
chloride. 

dir,0,Gl4 + 4Au = 3H,0, + 4JLa"VU- 

Auric chloride. 

The ITsOs, on escaping into the air, gives rise to the well-known 
ruddy fumes ; and aqua regia ought to be used only where there is 
a good draught to carry off these fumes. 

Nitric oxide, BTsOs, which results from the action of nitric acid or 
aqua regia, escapes and partially recovers from the air the oxygen 
which t£e ITOsHo gave up to the metals. Its tendency is to combine 
with two atoms of oxygen, and no more ; and this oxygen it yields up 
again quite as readily to other bodies that have a stronger affinity for 
that element than either ITsOi or IT^Oi possesses. Upon this remark- 
able property of nitric oxide is based one of the most beautiful and 
important processes, viz., the manufacture of oil of vitriol or sulphuric 
acid. We have seen that sulphur when burned in air combines 
with two atoms of oxygen to form sulphurous anhydride. Here, 
then, is a body that wants one more atom of oxygen in order to be 
cxmverted into sulphuric anhydride, SOs : and in tiie ITsOi we have 
a body that can readily part with one or two atoms of oxygen. 
Hence sulphuric anhydride must result from the reaction of these 
two bodies, according to the equations — 

(1) SO, + HaO* = SO, + HaO,. 

(2) SO, + H2O3 = SO3 + H2O,. 

If we add to these two conditions, two others, viz., a well regu- 
lated supply of steam (to form sulphuric hydrate) and atmospheric 
air, or some other source of oxygen (to reoxidize the ITsO, as fast 
as it is formed), the conversion of sulphurous into sulphuric acid 
becomes a continuous process. A peculiar white compound which 
is first formed is only a transitory product, and has UtUe interest 
attached to it — 
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rso,(ir'o,) 

2S0, + H,04 + O = < O 

ISO.CN'O,) 

White orjrBtellme 
compound. 

wHich the water or steam, in its torn, decomposes — 



{ 



SO,(N-0,) 

O + 20H, = 2SO»Ho, + ITaOs. 

SO,(N^O,) 



Nitrotts anhydride, BTzOs, we have already seen cannot exist in 
the presence of water. It is at once broken np into nitric oxide and 
nitnc acid — 

3N,0, 4- OHa = 2N0,Ho + 2NaO,. 

Nitric oxide, in the presence of air, is converted into nitric per- 
oxide. The BTO2H0, and TI%Oi thns formed, can, in their tnm, 
oxidize fresh quantities of S0|. By the proper supply of sulphurous 
anhydride, steiam, air, and nitric peroxide, a continuous process of 
manufacture of this important substance — sulphuric acid — can be 
readily secured. 

QUESTIONS AND EXERCISES. 

1. Mention some natnnl saline compounds in which N occurs. 

2. Explain the formation of saltpetre in tropical countries. 

8. Tou have given to jou Chili saltpetre and sulphuric acid. Describe how ^oti 
would prepare nitric acid from these materials. Express the chemical 
change by an equation. 
• 4. Calculate how much nitric acid (IIO3H0) by weight can be obtained from 
20 grms. of nitre ; and how much sulphuric acid (SOfHos) by weight ia 
required in order to have only dipotassic sulphate left in the retort. 

6. Show why you write If OfHo, and not NOgH. 

6. Give symbolic and graphic formula for nitric anhydride and nitric acid. 

7. State how metallic nitrates are prepared. Ghiye equations. 

8. Tou have given to you a few iron naUs, some pure tin foil, copper filings, and 

a Uttle granulated zinc, with concentrated nitric acid and distilled water. 
State what chemical changes you can produce with these materials, and 
express the changes by equations. 

9. Explain what takes place when cupric or bismuthous nitrate is heated in a 

retort. 

10. What takes place when the vapour of If ]04 is passed into a solution of bario 

hydrate ? Express the changes by equations. 

11. GKve symbolic and graphic formuls for nitric peroxide, nitrous anhydride, 

nitrous oxide, argentic nitrite. 

12. Explain the action of concentrated nitric acid upon mercury and silver, 

sulphur, phosphorus, and iodine. Express the changes bv equations. 
18. Give a list of all the oxides of nitrogen, together with their atomic and 

volume weights. 
14. What is the weight of 10 litres of laughing gas P 
16. Explain the terms aquafortis, aqua re^, cubic nitre, lunar cautUc, 

16. Explain the action of aqua regia upon gold and platinum. 

17. Show the important use of some of the nitrogen oxides in the manu&cture 

of oil of vitriol. 
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18. Cklcnlate the peroenta^ oompositdon of potassio nitrate. 

19. How much argentic nitrate can be prepared from ten oonoee of metallic 

silver P 

20. What eyidence haye jou to adduce that nitrogen occurs as a pentad, aa'a triads 

and as a monad element P 
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Fbbb hydrogen and nitrogen possess very little affinity for one 
another, so that they cannot be nnited directly. A terhydride of 
nitrogen (three atoms of hydrogen and one atom of nitrogen), called 
anwnoma, is known. This is for the most part derived from the 
nitrogen contained in nitrogenous organic substances, such as coal, 
hair, horn (whence its ordinary name of spirit of hartshorn), skin, 
sinews, etc. The greater part of the animal body (fat excepted) 
consists of organic substances rich in nitrogen; and they aU 
yield, under certain conditions (dry distillation, putrefaction, etc.) 
the pungent gas called a/rrumonia. 

Bxperlaieiit 68.^Bab together in a mortar a mixture of pulrerized 
unslaked lime and caustic soda (called soda-lime) with some animal substance, 
such as glue, white of egg, horn shavings ; then introduce the mixture into a test- 
tube, and applj heat. A pungent gas is giren oiF, which turns red litmus- 
paper blue, and fields white lumes when a glass rod moistened with dilute 
hydrochloric acid is held in the gas. 

KxperlHieBt 69. — ^Treat a little zinc with dilute sulphuric aeid ; hydrogen 
gas is eyolyed — 

Zn + SO3H02 = SOiZno" + H,. 

Add now, drop by drop, dilute nitzio acid. The eyolution of gas ceases, but 
the zinc neyertheless disappears. The hydrogen combines with the elements of 
nitric add to form water and ammonia, which latter immediately enters into 
oombination with the acids : — 



i 



1) 4Ha 4- HOaHo = ITH, + SOHj. 

2) NHs 4- NO:,Ho = N0a(NH40). 
2NH, + SOaHo2 = S02(NH40)a. 



A similar reaction takes place when zinc is dissolved in 
moderately dilute nitric acid. Owing to a secondaiy reaction, 
hydrogen and nitrosen combine to form ammonia, and zincic and 
ammonic nitrate are left — 

(1) 4Zn + 8HO,Ho = 4 J^'Zno" + 4fla. 

(2) 4H, 4- HOaHo = KH, -f 30Ha. 

(3) HH3 + HOaHo = H0a(NH40). 

Quantitative experiments have shown that ammonia gas consists 

of Hs and N, and its composition is expressed by the formula HHi. 

The action of nitric acid upon zinc is invariably accompanied by 
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the formation of lower oxides of nitrogen, ONs, IFsOi, etc., which 
offer little resistanoe to the action of the hydrogen, and yield nnder 
fayoorable circumstances nitrogen and water. Both mtrogen and 
hydrogen, when in the nascent state, i.e., at the very moment* of 
their liberation, combine and form ammonia, IFHt. The solution 
contains a considerable amount of ammonic nitrate, which may be 
proyed by heating some of it with a little soda-lime. 



»t *i9, — Heat some ammonio nitrate in a Florence flask, provided 
with a deliTeiy-tabe, or in a small retort (Fig. 52). The salt melts, boils, and 
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gmdnally hrealoi up into nitrons oxide (or laughing gas), OKt, and steam. TIm 
gas may be collected over water. 

The decomposition of anmionic nitrate takes place, according to 
the equation : — 

H0j(NH40) = ON, + 20H,. 

Nitrous oxide is a colourless gas, with a slight smell and a 
sweetish taste. Its specific gravity, compared with air, is 1*527 ; its 
volume weight (H = 1) is 22. One litre of ONj weighs 22 x 
'0896 grm. ^ 1*9712 grm. Nitrous oxide, when mixed with air, 
undergoes no change. Water absorbs it to a certain ext^it (I'd of its 
volume at 0^ C). A glowing piece of charcoal, when introduced into 
the gas, bums e^most as brilliantly as we saw carbon bum in oxygen 
(comp. Exp. 22). A blowing splinter of wood bursts into flame, and 
bums brilliantly in the gas. Atmospheric air, we know, sustains 
respiration. Certain animals are able to breathe nitrous oxide 
(which we may view as an air considerably richer in oxygen ^ 86*4 
P.C.) with impunity for several hours. When inhaled by man, it 
produces a characteristic kind of exhilarating intoxication, which is 
sometimes accompanied by immoderate laughter ; hence its name 
laughing gas. Pure gas only should be employed for purposes of 
inhalation. Nitrous oxide has of late been recommended as an 

* The elements maj be supposed to exist for a moment in the unoombined 
state. 
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^uuBtikeUCi or agent fox* suspending iibe mental and sensorial func- 
tions dnrinfl dental and snrgical operations. 

Amnionic nitrite heated in like manner yields nitrogen and 
water, according to the equation — 

ir"0(NH40) = N, + 20H„ 



BlKperlMeilt 91-^FiIl a widd-monthdd bofile 
«r ejlmder with ammonia gas, by rinnng it out 
vith a few drops of strong solution of ammonia 
(the Uqnor cunmomm of the shops) ; ooTer it with 
a glass plate. Another cylinder or bottle is fiUed 
with hydrochloric add gas. The two bottles or 
cylinders are then placed together (as seen in 
Fig. 68), and the glass plates withdrawn, so that 
the mouth of the inverted Tessel containing the 
hydrochlorio acid gas rests almost air-tight on 
the mouth of the lower ressel. Both gases are 
Been to mix, and to combine, producing douds of 
white fumes. 




Fio. 63. 



These clouds are deposited on the sides of the glass vessels as a 
white salt, called ammonic chloride ( «aZ-ammottiao), a compound of 
the anmionia and hydrochloric acid gas — 



H'"H3 + HCl « H^HiCl. 

The nitrogen atom in IFH^ is combined only with three atoms 
of hydrogen, and is therefore triadic ; but it is also clear from the 
avicQty ¥dth which If Hs combines with HCl, that two more affinities 
remain latent^ one of which can become satisfied by hydrogen^ the 
other by chlorine, thus : — 



H 
H— N— H 



H 
H— N— H 



Bxperlateat tt« — Heat ^^tly in a test-tube a concentrated solution of 
ammonic chloride in water, with sodic or potassic l\ydrate. Ammonia gas is 
erolred, according to the equation — 

HH4GI + NaHo =s HH, + NaCl + OH2. 

and is readUly recognised, Ist^ by its oharacteristio pungent odour ; 2nd. by its 
action upon red litmus-paper or turmeric-paper (changed from red to blue, and from 
yellow to brown) t and 8rd. by the white douds which it produces when a glass 
rod, moistened with dQute hydrochloric, sulphuric^ or nitnc acid is held at the 
mouth of the test-tube. 

Ammonia forms with these acids the respectiye salts — 



NHa + HCl 
2irH8 + SO2EL02 
HH, + HO,Ho 



THiCl (Ammonic chloride). 
Oi(NH40)a (Ammonic sulphate). 
If Ot(lf H4O) (Ammonic nitrate). 
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The oomponnd NH4 appears to be capable of existmg only as aa 
amalgam.* It is obtained by mixing sodimn-amalgam (Hga Kau) 
with a concentrated solution of amnionic chlorid( 



HgnNa^ + „HH*C1 = Hg.CNH*)^ + „NaCl. 

Na exerts its well known affinity for CI, forming with it sodic chlo* 
ride ; 2HgB no change, (NHa)^, breaking up very rapidly into 2nHgy 
2mJf Ha, and mHs, which is evolyed. On account of its salts possess* 
ing a marked similarity with potassic and sodic salts, the existence 
of a hypothetical metal ammonium, NH4, has been entertained by 
chemists. Ammonium is affected like the alkali metals, potassium 
and sodiuuL Its haloid salts, IFH4CI, If H4I, IFHiBr, which are 
well defined salts, can therefore also be viewed as derived from 

HHa -f H + CI = HH4CI. 

HHs + H + I = WELj 1 (Ammonic iodide). 

VH.Z + H -h Br = WHJ^r (Ammonic bromide). 

by assuming that the atom hydrogen attacks the molecule IFHs first, 
forming with it NH4, or the hypouietical metal called — ^in accordance 
with the terminology adopted by chemists — Anvmonium. Since this 
metal combines yrith one atom of chlorine, it must be viewed as a 
monad, like potassium or sodium ; and as it consists of one atom of 
nitrogen and four atoms of hydrogen, and yet acts the part of an 
element, it is called a compound radical. It is usually written 
Am, instead of NH4, forming ammonoxyl, Amo, analogous to the 
radicals Ho, Ko, etc. 

Ammonic hydrate formed, according to the equation — 

HH, + OH, = HH4H0, 

appears likewise to have only a hypothetical existence, as no chemical 
combination seems to take place between the water and the ammonia ; 
for the gas gradually escapes on exposing the solution to the air, 
and no definite compound of ammonia and water has been observed. 
The escape of the gas firom the solution is marked by the production 
of intense cold : i.e., much heat becomes latent, when ammonia is 
converted from the liquid to the gaseous state. This property has 
found a practical application for refirigerating purposes, and for pro- 
ducing ice aoiiificially. 

Ammonic chloride, sulphate, or nitrate, are best obtained by the 
action of the respective acids upon the ammonic hydrate: — 

AmHo 4- HCl = AmCl + OH,. 

2AmHo + SOJIo, = SCAmo, + 20H,. 

AmHo + irO,Ho =: irO,Amo + OH,. 

Bxperlment 9S. — Heat a little Bal-aramoniac in an iron spoon, or on 



* CompoundB of the metal meroury with other metaU, are called amalff<tmM, 
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^atmum fi>iL White fames are giTen off. When heated in a test-tuhei the 
fames condense in the upper or colder part of the tube; the salt sublimes 
QBchanged. 

Most salts of ammoniimi voUdUize upon ignition. 

This property renders ammoninm salts of great yalne in chemical 
analysis. 

A solution of ammonia gas in water, is indispensable in ^the 
laboratory. It is therefore important to stndj its preparation and 
properties. 

■zperineiit 94. — Ammo- 
nia gas is Tery soluble in water. 
This may be shown by heating 
a little strong ammonia in a 
small retort (fig. 64), and filling 
a diT flask with the gas by down- 
ward displacement, and when 
full, pluneiug the mouth of the 
flask rapidly under water. GThe 
latter rushes in most eagerly. 
The liquid which is left in the 
flask reacts alkaline. Water 
absorbs about 700 times its bulk 
of the gas. 

A concentrated solution of 
ammonia is obtained by distil- 
ling in a flask a mixture of sal- 
ammoniac and calcic hjdrate. 

The gas is made to pass 
throueh a wash-bottle, containing 

a Httfe water, and from thence through one or more Woulfe's bottles, filled 
about three-fourths with water (as shown in Fig. 41). The deliTery-tubes 
must reach nearly to the bottom, as aqueous ammonia is lighter than water. 

Ammonia gas is obtained dry by passing it over freshly-bnmt 
lime.* It may be collected by displacement (imperfectly), or over 
mercnry. 

Its composition by yolnme and by weight has been careMly 
determined. 

The Yolnmetrical composition of ammonia cannot, however, be 
demonstrated so readily, as, for instance, that of steam or hydro- 
chloric acid gas. Ammonia is decomposed by bringing it into 
contact with chlorine ; and for eyery three yolnmes of chlorine so 
employed, one yolnme of nitrogen is left. The hydrochloric acid, 
resulting from the combination of hydrogen and chlorine, combines 
with the excess of ammonia, and forms the solid salt, H H4CI. 

By passing electric sparks for some time throngh dry ammonia 
gas, placed in a endiometer-tnbe oyer mercnry, the gas is slowly 
decomposed into its component elements, hydrogen and nitrogen. 
The gas yolnme is seen to increase gradually, till the original yolnme 
has been doubled. The four yolnmes of mixed gases were found on 

• 
* Calcic chloride cannot be used, because it absorbs a considerable quantity 
of the gas ; nor oil of Titriol, because ammonia combines with the acid with explo- 
rire Tiolence. 
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analyBis to consist of three yolnmes of hydrogen and one volume of 
nitrogen ; and one volnme of ammonia gas is derived from 
li volnmes of hydrogen and i of nitrogen, weighing respectively 
•1038 and '4856, total = '6894 (sp. gr. of H =s -0693, and of N = 
*9712, when compared with air). 

Direct estimation of the specific gravity of ammonia gas (com* 
pared with air) gave the nnmber '597y from which the above 
differs bnt little. 

The percentage composition is readily fonnd by rule of three cal* 
cnlation, viz. : — 

Hydrogen 17-61 

Nitrogen 8239 

The molecular weight of IFH3 is 17. The specific gravity of 
ammonia gas compared with hydrogen, is therefore 8'5, and one Htre 
of ammonia gas weighs i^ = 8*5 X '0896 grm. = '7616 grm. 

A few compounds of ammonia briefly claim onr attention, m 
they constitute some of our most important reagents. 

■xperlneBt 9B* — ^Measure out two equal portion* of a solution of 
ammonia or ammonio hydrate, also called simplj ammonia. Pass through onu 
portion a brisk current of sulphuretted hydrogen gas, as long as the gas eon- 
tinues to be absorbed. (The apparatus described for the prepi^ation of chlonne 
water answers admirablj.) Then add the second portion to it, and a solutioa of 
ammonic sulphide, SAxnj, is obtained. 

By completely saturating a solution of ammonia with sulphu« 
retted hydrogen, we obtain a solution of hydric ammonic sulphide, 
AmHs, in which the compound radical hydrosulphyl, Hs, hae takea 
the place of the hydroxyl, thus : — 

AmHo + SHs =3 AmHs + OHs. 

On then adding AmHo to this solution, ammonic sulphide is 
obtained, thus : — 

AmHs + AmHo = SAnif + OHj. 

Kxperlnent 96« — ^Fill a cjlinder with dry earbonio anhydride gas, and 
another cylinder of doable the size with dry ammonia gas. On bringing the 
mouths of the two cylinders towards each other, the two gases rush together, and 
form the compound jNHsjCO). This body attracts moisture rapidly, and dissolves 
to a salt having the composition GOAmo2, ammonio carbonate. 

Experlmeat 99. — Pass a current of GOa through a oonoentmted solution 
of ammonia as long as any gas is absorbed. On setting the solution aside for 
crystallisation beautiful colourless rhombic prisms ara obtained, whidi hare tite 
composition GOHoAmo (hydric ammonic carbonate). 

Notice the smell of the crystals. 

Solutions of both these luoimonium compounds are employed in 
the laboratory. 
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QI7B8TIONS AND EXSBOISES. 

1. "Wliioh nn the chief sonroefl whence ftTnmonia and its oomponnds are 

deriTedf 

2. Yon hare siren to you some coal and soda-Ume. Show how you wotdd 

prepare If H^ from tiiese materials. 

3. Explain the fonnation of ammonia bj the aid of dilate milphnrio acid, 

metallic sine, and dilate nitric acid. Expreu the changes bj equations. 

4. How would you prepare, Ist, nitrogen ; 2nd, nitrous oxide gas? 

5. What are the propcoi^ies of nitrous oxide ? 

6. You have giren to you 26 ffrms. of pure ammonic nitrate. How much 

laughing-gas, by weight and by Tolume, can you prepare from it P 

7. Write out tiie symbolic and graphic formula for ammonia, ammonic bromide, 

carbonate, and hydric ammonic sulphide. 

8. Explain the terms amalffinn, nateent HatSf sal-ammoiUaet ipirU of harti* 

horn, 

9. Describe the formation of ammonium-amalgam, and giTC reasons why tha 

group of elements, KH4, is considered to be a metal. 

10. Why are NH4 and AmHo considered hypothetical compounds ? 

11. How would you show experimentally that most ammonium compounds can 

be volatilized and tubUmed t 

12. What space will 6'324i nms. of ammonia gas occupy at 15" C, and 746 mm. 

barometric pressure r 
18. How are neutoal ammonic 'sulphide and hydrio ammonic carbonate pra* 
pared? 

14. How would you prepare dry ammonia gas ? 

15. How is a conoentn^ed solution of ammonia in water (Jiquor amnumut) 

prepared? 



Chapter XVI. 

THE OXIDES OF PHOSPHORUS AND ABSBNIO. 

Phosphorus, when pure, is a wax-like, faintly yellow, semi-opaqne, 
solid bodj. It is generally; sold in the form of sticks. It melts 
readily at 44^ C, and becomes then of a yellowish syrapy con- 
sistency. It can be distilled, its boiling-point being 288^ C. 
Fhosphoms yolatilizes, however, far below its boiling-point. Ita 
great inflammability constitutes its most characteristic property. 
Friction may set it on fire. Dry phosphorus when exposed to the 
air combines slowly with oxygen, and its temperature is often raised 
so considerably by this slow combustion that it melts and inflames 
spontaneoosly, especially in warm weather. It has therefore to be 
preserved in cold water, in which it is quite insoluble. 

We have already seen (oomp. Exp. 21) that phosphoric anhy- 
dride resnlts from the comlnnation of phosphorus with oxygen. 

Bxpcrlment 98* — SmaU qtiantities of this body may be prepared by 
boming some pbospboruf placed in a little jporeelain capeule under a sood-sized 
bell-iar reeting on a plate as seen in Fig. 66. The phoephoras shonld be well 
dried, and the bell-jar wiped quite dry. A enow-white powder ie deponted on 
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f Uw jiT, wbiob TUT be tcrwed togsther witK a glan apatuU, and 
' \ept in a weU-Bloppered bottle. The 

w^te powder lias a great afflnitj for 
«at«T, vith -which it combinea with m 
hi —i"g noiae. On account of this gnat 
attraction for water it i« often ued M 
» dt^/drating agnU. 

AnalysiB has prored that this 
white body consiBta of 2 atoms 
cf pentad phosphorns, and 5 
atome of oxygen ; hence we write 
its eymbolic formnla Pi^Og, and 
h*. w. its graphic formula : — 

O O 

0=P— O— P=0, 

Phosphoric anhydride combines with water to form the hydrated 
acid, thus:— 

P.O. + BOH, = 2P0HO,. 
Phoaphorio Phoiphoria 

anhjdride. acid- 

There exist three phosphoric hydrates, differing markedly in 
their properties when in combination with bases. 

If a solution of phosphoric acid be evaporated in a platinnm 
vessel till it has acquired a sympy consistency, hard transparent 
ciystals of trihydric acid are obtained. At a lugher temperatnre 
(160° to 210°) water is given off slowly, and the tetiahy^c acid 
is left, called pyropbosphoric acid (&om vtp, fire), on account of 
its being produced from the trihydric acid by the application of 
heat accordii^ to the equation : — 

2P0H0, = PiCHo* + OH,. 
I^rophoaphom 

At a red heat the pyrophosphoric acid loses a molecule of water, 
leaving two molecules of Uie monohydric or meiaphosphoric acid, 
tlins: — 

P,0^o, = 2PO,Ho + OH,. 
Metsphoaphono 

The trihydric acid is also called orikopkoFphorie add (from ip6ot, 
right), and common phosphoric acid, becanae it occurs in the ph<»- 
p^tes most commonly employed in the arts. Tt contains 3 atoms 
of the oompound' radical hydrozyl, and is capable of forming with 
the monad radicals potassoxyl or sodor^ 1, by the partial or totol 
displacement of the hydroxyl in the acid, three different Idnds of 
salts called orthophoBpliat«s, viz. : — 
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VONaot, Trisodic pfaoephato. 

f OHoNsfH, Common, or hydrio disodic phosphate. 

POHoiNao, Dihjrdric sodic phosptiate. 

When phoephoric hydrate, or phosphoric acid, is nentralLted with 
aodic hydrate and then evaporated to crystallisatloa, the second 
salt is obtained in large transparent, oblique rhombic prisms, which 
effioresoe rapidly in the air. These crystals contain wat«r of crys- 
tallisation, and the salt has the compoeition POHoNao, + 12Aq. 
(Aq., abbreriatioD for aqua, wat«r, standing for loater of erystaUUa- 
Hon) . A Bolntion of this phosphate gives, with a solution of argentic 
ititrute, a yeUow precipitate of Iriargeittic phoiphate, — Ago (argent- 
o^l) replacing the hydroiyl and sodozyl, thus : — 

VOHoNao, + SirO*Ago = POAgo, + 2]rOtNao + BTO^o, 
the liqnid being acid. 

Bxv«rluent f».— Hnt f^tlj s Bmall qnantilrof the oTdiiiBi7 hjdrio 
diiodic phoeplute in » porcelain didi on B w>ter-bsth (Fig. 66). The nit fiua 
flist in ita wster of cijstslliaatioD, then rvelle np, and 
give* off pnfi of (team, the water eacapine from nnder- 
neath the cnut of the wlidified aalt. Ceaw heating 
when DO more water eacapee, and the Uquid salt 
beoomea once more solid. On diMolruiK a amall por- 
tion of the white masa in water, and adding a golntion 
of argentic nitrate, tbe same yellow predpitate will be 
obtained which the salt gare Wore being heated. It 
haa not been changed beyond loaing it< 18 molecules 
of water of enrataUuation. On dJssolTing in hot 
water, and allowing to orjilAlliae, the origin^ rhombio 
pritnu an obtained once more. 

Heat eome of the dry salt in an iron apoon, or, 
better, in a ^tinnm Tseael, to a atrong red heatorer a Fw, «, 

«a flame. Water is again expelled— the wster which 

fornied part of the aalt, *o called water of oonstitution — and on dinolring a little 
of the white aalins residue in water, aod adding a aolution of argentic mtrate, a 
white precipitate ii now obtained, and the lolution ia neubal, an indica- 
tion tlut the aalt haa unde^^ne a change. On diaaolTing some ^ the igoited 
mam in hot water, and aettini it aaide to cryatallise. the aolution no longer 
depoaita CTyatala of the originu salt, but of a aalt which, on analyaia, ia {bond to 
oonaitt of PjOiNaoi (iodic pyn>pboaphat«). 

Its formation is expressed by the equation : — 

2rOHoNao, = r.O»Naoi + OH,. 

This salt oontsinB no longer trihydric, bnt tetrabydrio phosphoric 
acid, PiOiHoi, called pyrophosphoric add. 

■XpCiiMeBt >•• — We are acquainted with a oharacteriitio aalt of ordinary 
or orthophoapboric add, called ■HcroconBB lalt, or hydrio ammonio sodic phoa- 
phate (rO Ho Amo Nao + 8 Aq). This aalt may be readily prepared bj 
diaaolTinp 6 to 7 porta of the common sodic phoaphate of cammerce, and 
1 part of anunonic chloride in 2 parti of boiling water, and allowing the liqnid 
to cTTBtallige in a oool place. On heating the salt in the same manner si waa 
done in tbe preTioQi experiment, a clear transparent maia ia led, which, if alowly 
cooled beoonica ciyatallme I itnnir Tlrlignnnnmi in air anil diwinlrni tcij rnadilj in 
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water. The aqueous solution when almost neutral, gives with areontlo nitrate a 
white precipitate. The supernatant liquid is neuteed. Water of dTstallisation 
and ammonia are given off, and the salt, PO^Nao (sodic metaphosphate), is left, 
which contains no longer tiihjdric, but monohydrio phosphoric acid. 

The change maj be expressed by the equation :*— 

POHoAmoNao = POaNao + WH, -f OH,. 

Sodio 
Metaphosphate. 

We have thus become acquainted with three modifications of 
pbosphoric acid, not to speak of other forms, viz. : — 

1. Common or orthophosphoric acid, POHot (tribydrio or 

tribasic). 

2. Ptrophoephorio acid, PbOsHo^ (tetrahydric or tetrabasio). 
8. Metaphosphoric acid, PO2H0 (monobydric or monobasic). 

Pentad phosphorus being invariably the grouping element, these 
acids are written symbolically and graphically, thus : — 

O 
POHoj H— O— P— 0— H 

A 

o 



PiO,Ho4 H—O— P— 0— P— 0— H 

A A 



k 



I 

H 



O 

II 

POaHo 0= 



A lower oxide, formed by slow and imperfect oxidation of 
pbosphorus (as when it is exposed to diy air at the ordinary tem- 
perature), viz., phosphorous a/nhydride, consisting of 2 atoms of 
phosphorus and 3 atoms of oxygen, is obtained in the form of a 
white powder possessing the odour of garlic. Its symbolic formula 
is P'"sO», its graphic formula : — 



the P being in tbe triad condition, with two bonds left dormant in 
each atom. Phosphorous anhydride is of interest in so &r only as 
it acts as a power&l reducing agent ; t.6., owing to its latent bonds 
it can deprive other oxides of part of their oxygen. Of the many 
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reaotioiiB UlostratiTe of this property, ve wiU only cite the aodon of 
S|0| on silver salte, thna : — 



20Ag, + P,0. = 2Ag, + PA- 



\U:n3ss*' 




PhoBphoroB is capable of combining also with hydrogen. 

Bxperl^ent Bl. — Introduce into 
• mall retort (Fig. 57) tome oohood- 
trated (olutioo of potswio or wdic hy* 
drste, and » fev smaU pieoea of pho6- 
phonu. On heating, ft gateoia bod; 
u BTQlred, which ignitea spontane- 
o^ulj, u >oon as it iMuei from the 
mter of the pneiraiktio trough. Each 
gw babble riaes (lirouah the ur witli a 
pBonliaroircuIarwrealSofiThite smoke, 
iriiieh enlargei M it asc^ndi in &e ait. 

Phosphoma alone does not 
decompose trater. It requires 
the powerfol base potash or soda 
to indnce it to form with the 
oxygen of the water an oiy-acid, ' 

and with the hydro^n an in- _ _ ^ _ , 

flammable gas, called phogpko' ' '""" - -Wf* 

ntted hydrogen, thus : — no. n. 

30KH + Pi + 30H. = SrOHtEo + PH.. 

PotaMio Phoephoretted 
h^pophoaphite. hydrogen. 

Bodies which appeitain to the metals rather than to the noti- 
metals, such ae arsenic (As), antimony (Sb), bismnth (Bi), bnt 
which form compounds analogons wiUi the compounds of phoBphoms, 
most be briefly glanced at here. These elements are like phosphorus, 
of a pentad nature. Arsenic, moreover, occurs in nature, closely 
Msociated with phosphoros. This close resemblance extends also 
to the oxides of arsenic and their salts, the arteniUt and arteniaies. 
Two oxides deserve our attention, (wieniowt, AB"'iOt, and orsmtc 
aiikydride, JLtTiOt, written graphically : — 



As— 0— Aa 



O 



O 



I f> 



In the lower oxide eai^ atcmi of anenic has two bonds left niutatia- 
fied ; and very interesting reactions, based npon tlie deoxidation of 
varione higher oxides, by means of arsenions anhydride, reanlt from 
this property, which will be described hereBft«r. 

Arsenic is sometimee fonnd native, bat more frequently in com- 
bination with metals, snch as iron, niclcel, cobalt, etc. When arseuic 
ia oombioed with metals, it forms with them arsmides, &om which 

H 2 
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tile araenic can be Temoved by roaetiug (in b reyerberatory famace), 
in the form of a volatOe oxide, wMcB ia condensed in brick fines, 
and pnrified by sublimation. 

Bxverimcnt S%. — Heat ■ BnuU quantity of BOme finely powdered anenide, 

■ncK u arwnical pjritea, or tiiuj/ictel, in a piece of bard glw tube (combuatioD' 
tube), luMing tbe tube in a ilightlj inclined position, eo a« to cauM a cnirent of 
air to pass ovei- the ignitad powder. The sulphur and areonic combine with 
o^gen to form Tolatile compoundB.vii., ■ulphuioua anbjdride, SOj, and anenioua 
anhTdride, AM,Ot, Inving tbe inm as oxide. The ABiO| condeniea in the oold 
part of tbe tube, and SO, panen off. 

Tlie change takes place according to the eqoatdon : — 
Ast + 30, = 2Aa,0,. 

Bxperimmt Sa.— B j heat- 
ing a little of the arsenioua anhj- 
dnde or white anemo lo obtained 
on obanwal, before tbe blowpipe 
{Fig. 6B), a itrong garlio odour 
beoames at once perceptible, and 
white fumes ascend into the air, 
which are highly poisonous. The 
eiperiment ahoutd therefore be 
mode with a very small quantity 
of the substance only, and in a 
place with a good draught. Tba 
chanxnl dBprives the arvenious 
anhydride of its oijgen, forming 
OO, and As. The metallio anenic 
being readily Tolatiliied, on psss- 
of the blowpipe flame, is partially recon- 



(1) 2A«0s + 3G = As. + SCO,. 

(2) Aa. + 30, = ZASkO,. 

Arsenions differs &om phosphorona anhydride by posBBssing bnt 
little affinity for ox^en. It requires in fact powerfiil oxidjEing 
agente, anoh as nitric acid, to convert it into areenic add, AflOHoi. 

Bzverl^eiit ■4. — BissoUe a little powdered white anenio in a small Baak^ 
in hot hydrochloric acid (as it is but slightly soluble in water), and oxidize by 
means of conoentral«d nitric acid, a« long as mddy fumes of If lO, are eToWed. 
The liquid is then oautioosly evaporated to complete dryness, and a little water 
added to a small portion. The maw dissolrea completely, showing a strongly 
add reaction to test-paper. 

Tbe reaction takes place according to the equation : — 

Ab,0, + 2irO.Ho + 20H, = 2AbOHc + H.O,. 
Aneuioacid. 

Araenic anlwdride has, like pbosphoric anhydride, a great attraction 
for water. It absorbs moisture from the air, and gradually deliquesces. 
The solution contains trihydiic or tribasic arsenic acid, precisely 
Analogous to orthophosphorio acid, forming salts which are identical 
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in sliape (isomorphoos) with the oorresponding phosphates. A sodio 
arseniate, iLsOHoNaoa + 12 aq., is obtained, when arsenic aoid is 
nentralized with sodic hydrate or sodio carbonate, which cannot bo 
distingnished in appearance from the common sodic phosphate. 

Like phosphoric add it can form three different kinds of saltSi 
viz. : — 



lONaog, Trisodic arseniate, 
iLsOHoNaoa, Common arseniate, or hydric disodic arseniate, 
iLsOHosNao, Dihydric sodic arseniate, 

and is capable of retaining one or two parts of nnreplaced hydrozyl, 
or of replacing two parts of hydroxyl by Mgo", or some other oxyl* 
radical of a dyad metal, as in iLsOAmoMgo", ammonic magnesic 
arseniate. Salts are also derived from the acid in which the anal ogy 
between arsenic and phosphoric acid is still fhrther borne out. We 
know salts containing— < 

AsOsHo, and ASaOsHoi, 
Metarsenic acid. Fynnenic acid. 

C!orresponding to — 

70,Ho, and PiOaHoi. 

Metaplioeplioric F^rophosphorio 
acid. acid. 

Arsenions acid forms likewise a definite series of salts, called arsenitesy 
closely analogous to phosphites, of which the alkaline arsenites pos- 
Bess again the great^t interest. The power of forming salts with 
different bases which this acid possesses is, however, not so well 
defined as that of arsenic acid. 

The compounds which arsenic and antimony are capable of 
forming with hydrogen, analogous to phosphoretted hydrogen, PHs, 
viz., arsenietted hydrogen, AsHs, and antimonietted hydrogen, 
SbHa, will be described below, under the respective metals. 

QUESTIONS AJH) EXEBGISES. 

1. Desoribe the most important properties of phosphorus. 

2. How woidd jou prepare small quantities of phosphoric anhydride P 

8. Explain how orthophosphoric, pjrophosphonc, and metaphosphorio aoid are 
obtained. Give equations, 

4. You hare given to you a solution of orthophosphorio acid, and a solution of 

potassio hydrate. State what salts you can form with these materials P 

5. Give symbohc and graphic formulsB K>r common sodic phosphate, magnesio 

pyrophosphate, sodic metaphosphate, and phosphorous anhydride. 

6. How would you distinguish between a soluble orthophosphate and pyropho«« 

phateP 

7. Explain the terms, dehffdrating agewt^ water of cryttcdligaium, ortko' and 

pyrophosphoric ctcid, microco9nUc sctU, arsenide. 

8. Describe the changes which microoosmic salt and the common hydric disodio 

phosphate undergo, when exposed to a graduiUly increasing heat. Give 
equations^ 
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9» How IB phoflphoi^ui anhydride prepared, and what is its mort oharaoterifftio 
propeit J P 

10. Trace the analogy which exists between phosphorus and arsenic compounds. 

11. What changes do metallio arsenides undergo when heated in a tube of hard 

glass, open at both ends? Qire equations. 

18. How is white arsenic affected when heated on charcoal before the blow-pipe 
flame ? G^ire equations. 

18. In what respect does phosphorous anhydride differ from arsenious anhy- 
dride? 

14. What is the action of nitrio acid upon arseniouB anhydride P Gire an equa- 
tion. 

16. Write out the symbolic formid» of a few arsenites and arseniates. 

16. How is phosphoretted hydrogen prepared, and what are its most striking 

properties ? Gire an equation. 

17. Calculate how much If Hs by weight can be obtained upon ignition from 

2*860 grms. of PO Amo Mgo". 

18. Calculate the percentage composition of microoosmic salt. 



Chaptee xvn. 

OXIDE OF BORON. 



The element horon occurs ill nature always in combination with 
oxygen, as boric acid, either in the free state or combined with 
meials. The most important of its salts is horax, a componnd. of 
the base soda, with boric acid. 

■xperlment 8B. — ^Dissolve a small quantity of powdered borax — ^the 
ordinary prismatic cmtals of StO^Naos — ^in four times its weight of boiling 
water, and add to the filtered solution concentrated hydrochloric acid, till litmus- 
paper is freely reddened. Orthoboric acid, or boric hydrate separates on cooling 
in thin translucent pearly plates, which can be obtained in a sufficiently 
pure state, by pouring off the liquid, washing with a little water, spreading the 
crystals on filter-paper on a warm tile, and drying at a genUe heat. They are 
soluble in boihng water, to which they impart only a slight acid taste ; and 
the solution of the acid gires to blue litmus-paper merely a wine-red tint similar 
to that which carbonic acid produces. 

Wben treated with concentrated hydrochloric acid the sodozyl 
radical, it may be assumed, is first acted upon with formation of 
sodic chloride and Hoj. The five molecnles of water (which may 
be viewed as hydride of hydrozyl, HHo), by attacking fiye atoms 
oxygen, form nye molecnles of Hoj, and the hydrated acid sepa- 
rates, thns : — 

BiOsNao, -f 2HG1 + 50Ht — 4BHo3 + 2Na01. 

The trihydric or tribasic acid, BHos, so obtained, is converted 
into the metahoric add, BOHo, bj heating np to 100° C, thus : — 

BHo, = BOHo + OH,. 

By exposing the acid to the strongest red heat we obtain 
boric anhydride. This cannot be done without incurring loss from 
volatilisation. The acid merely fuses and forms, on ooolingi a 
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glaflsj baid ringing masa. The composition of the anhydride is 
V'Mt horon being a triad element. Its grajihio formnla is 



"written— 



Boric acid is principally derived from a mineral called UncaX^ an 
abnormal sodic borate, having the composition BiOoNaos, lOOHa, 
which may be viewed as a componnd of two molecnlea of sodio 
metaborate and one molecole of boric anhydrid< 



2BONao + B,0, =: B^OsNao,. 
Its graphic formnla, as expressed by Dr. Frankland, is — 
Na^O— B— 0— B— O— B— O— B— O— Na 

o o 

This view is borne ont by the facility with which a dilnte 
aqneons solntion of borax is decomposed. On adding tincture of 
litmus to a concentrated borax solution, the liquid acquires a sHghtly 
reddish tint; which, on the addition of more water, turns dis- 
tinctly blue : t.e., on dilution the borax solution acts like a weak 
solution of a free alkali mixed with boric acid. 

Boric acid combines with bases in the state of metallic hydrates, 
oxides, or carbonates, in many different proportions, both in the wet 
and dry way. Its salts are called borates. At high temperatures it 
behaves like a strong acid, displacing not only CO2, but SO9, and 
P2O5, from their salts. In solution, however, boric acid is but a 
weak acid ; although it is capable of combining with free bases and 
of decomposing, when in concentrated solutions the metallic car- 
bonates, with evolution of COa, especially on boiling. Its feeble 
acid character is also manifested in borates containing excess of 
acid — so-called acid salts — which react stronglv alkaline, and in 
which the feeble acid cannot overcome the alkalme nature of such 
strong bases as soda or potassa. 

BxperlneBt 86. — ^Mix intimately in a mortar some of the bono aoid 
obtained in Exp, 85 "with somewhat less than its own weight of sodic chloride, 
and heat the mixture in a porcelain or platinom crucible over a good gas flame. 
The mass fuses and a vapour is given ofn Bemove the lamp for a moment, and 
hold an inverted bell-jar over the crucible. Strips of blue litmus, moistened with 
water, are made to ajhere to the inside of the jar. As soon as the vapour oomes 
in contact with the paper the blue colour changes to red. The vapour consisted 
of hydrochloric add. This may be proved by rinsing the jar with a few dro]^ 
of ammonia, before inverting it over the crucible, when white fumes of ammomo 
chloride are formed. 

The change takes place according to the equation — 



NaCl 



+ BH03 =: BONao + HCl + OH,. 



Here, then, is another instance of a curious reciprocal affimty, 
Exp. 85 proved that boric acid is liberated from borax by con- 
centrated hydrochloric acid. The preceding experiment showed 
that boric acid drives out hydrochloric acid. It is obvious, then. 
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that the affinity of borio acid for soda is greater at a JUgk tempera- 
tnre than that of hydrochloric acid; the different action of 
the two acids is evidently owing to the fixed character of the one, 
and to the volaMle nature of the other acid — ^hydrochloric acid being 
volatile at the ordinary temperature. The tendency in the latter to 
volatilize at a high heat assisted its escape, whilst the fixedness of 
the boric acid was actually increased at a melting heat. 

Most borates fuse to transparent glasses. Alkaline borates, 
when fused with metallic oxides, take up and dissolve many of the 
latter, forming double borates of the alkali base and the metallic 
oxide, which are frequently marked by characteristic colours. 
Hence borax is of great use as a,flva in metallurgical experiments, 
or, on a small scale, in blowpipe reactions. 

QUESTIONS ASD EXEBCISES. 

1. What is our chief souroe of bono acid F 

2. How is orthoboric add obtained from borax ? Qiye an equation. 
8. Explain the action of heat upon orthoboric acid. 

4. G-ive symbolic and graphic formulsD for orthoboric and metaboric add, borio 

anhydride, borax. 
B. What action takes place when orthoboric add and sodic chloride, or potassio 

carbonate, are fused together P 
0. What 18 the percentage of boric anhydride in borax P 



nxnN-. -> ^N"^ 




Fio. M. 



Chaptbb XVIIL. 
ON THE BLOWPIPE AND ITS USB. 



A nsefnl blowpipe is represented in Fig. 
59. It consists of three parts — of a straight 
tube made of brass or German silrer, a b 
(sometimes fitted, for greater oonyeniencey 
with a horn or ivory month-piece) ; of an air- 
chamber, c dy whicn arrestjg any condensed 
moistnre; and of a branch tube,/^, which 
fits into the longer tnbe, a &, at a right 
angle. The tnbe, /^, is provided with a 
nozzle, A, ending in a platinnm jet, which 
fits somewhat conically over the tube, / g^ 
as is shown on a larger scale in Fig. 59, h. 
The most convenient form of moumpiece is 
the trmnpet-shaped, whereby blowing is 
rendered less mtigoing. Other simpler 
forms of blowpipes have been devised; 
they require, however, no special description 
to be r^^ily understood. 

The blowpipe is used for conveying a con« 
tinuous blast of air from the lungs into the 
flame of a spirit-, gas-, or oil-lamp, or into a 
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candle flame. In any ordinary conical flame we are able to diatia* 
gnish three diflferent parte, ae represented in Fig, 60 ; lot, in the 
middle a dork kernel, a ; 2nd, a bright cone, e f g, snr- 
ronnding the dark kernel, a ; and 3rd, a feebly Inminona 
enter cone, bed, snrronnding the bright cone- The 
dark part of the flame conBista of yaponrs — principally 
of componnds of carbon and hydrogen — which bnm at 
. the expense of the oxygen of the air. The Inminona 
Eone of the candle flame does not get a snfficient snpply 
of oxygen; it is, therefore, the hydrogen which bnrna 
chiefly, whilst the hydrocarbon vapoor becomes highly 
heated, and is rendered Inminona. & the outer or feebly 
Inmmons zone nothing impedes the fi-ee access of, and 
contact with, the atmospheric air ; complete combustion 
takes place ; both carbon and hydrogen are converted 
into their final prodncts of oxidation, into carbonic anhy- 
dride and water (steam). This portion of the flame is 
very hot, the greatest heat being concentrated in the fi«. eo. 
point e. If we hold a body, which is capable of taking 
ap oxygen into this enter puli of the flame, it becomes rapidly oxi- 
dused, since all the conditions are favourable to soch a chuige, viz., 
a high temperature, and an Tmlimit«d snpply of air. 

The onter zone of the flame forme, therefore, the oxidizing flame. 
If, on the other hand, we iatrodnce a body which is capable of 
parting with oxygen, into the Inminons part of the flame, we shonld 
expect to see it become deprived of its oxygen by the hydrocarbon 
vapottTB. The body is deiandixed or reduced in the Inminons zone of 
the flame ; hence this section is called the redwAng flame. 

Now, by introducing a current of air into the interior of a flame, 
the appearance of the flame changes immediately ; it becomes shorter 
and more pointed in the direction of the current of air. The 
luminoae portion of the flame disappears altogether, and the heat is 
condderably increased. Two zones of combostlon are, in fact, 
formed by supplying air to the hydrocarbon vapours ; from tlie 
inside, as well as from the onteide. To prodace either an oxidizing 
or reducing flame, the blast delivered teaia the blowpipe requires to 
be properly directed, and must be constant and regular. 

While blowing, the tmmpet-shaped month-piece is pressed againtt 
the lips, and breathing is efiected throngh the nostrils ; the epiglottic 
is used aa a valve. The air must be forced throngh the blowpipe 
by the action of the muscles of the cheeks only. 

"Beginners, when first practiaing with the blowpipe, usually 
commit the &ult of not closing the passage between the windpipe 
and the month at the right moment, but of blowing for a longer or 
shorter period ^om the hingt alone. This mode of blowing, if per- 
severed in, is undoubtedly prejudicial to health ; and it is, there- 
fore, advisable that the beginner should practise himself in breath- 
ing regularly and audibly through the nose, keeping up a oon- 
tinuoos blast by the muscles of the cheeks. This practice should 
be continued tilt he is able to do so withoat any perceptible exertion. 
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In attempting this ha irill probably not be immediately snocesBfol, 
bnt a little praotioe will soon enable him to moBter this initial 
difficalty."— (PIoHftw on th4s Blotrpipe.) 

Snccetw in blowpipe operations depends to a great extent upon 
die lamp we use. 

Id a labanttoTT whioh has a mpply of ooal-gaa, a Btrnma Immw 
of the oonstroction shown in Fig. 61 will ba fonnd to answw 
extremely well. The burner rests on a 
foot of caet-iron, a b, into whioh a 
Bqoare (or round) block, e d, of brass 
or caat-iron is ecrewed. This has a 
cylindrical hole for oonveying the air, 
drawn in through four holea, into the 
brass tube, e f, which Borews either 
into or over the cylindrical hole. A 
branch tube, k, which can be oonneoted 
In' means of indiarmbber tnbing with 
the gas supply, conveys gas to a thin 
tube with a fine slit, or a couple of fine 
holes at its upper end, and is screwed 
into the cylmdrical hole. The gas 
and air mix in the tube, e f, and 
bum at / with an almost non-lominous 
flame. The in-dranght of cold tur keeps 
the tube cool enough to prevent the 
flame striking back and burning at 
the small aperture below. 

By introducing, for blowpipe poi^ 
poses, a narrower tube, g h, mtt«ned 
at the top, into the tube, » f, the gas 
is oonveyed from the thin gas dehvery- 
Fn-«. tube below without becoming mixed 

with air, and bums with it« usual lu- 
minous flame. On directing a blowpipe jet into the gas flame, the 
latter is diverted, and we are enabled to produce either a reducing 
or an oxidizing flame. 

In order to obtain a redudng Jtatne, the nozsle (Pig. 62) of the 
blowpipe is held inclined, almost parallel with the snriace of the 
flattened top of tube, i; A, so as just to touch the etxterior part of the 
flame. A more or less yellow flame will be thus produced of the 
form shown in Fig. 62. 

An oxidixinp flame is ob- 
tained by keeping the noBile 
of the blowpipe at the same 
inclination as before, but in- 
troducing it somewhat (iirther 
into the flame (Fig. 63), so as 
to obtain a clear unbroken 

{'et. A somewhat stronger 
ilast is also sent into the 
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flame, bo as to prodnoe a longer and more pointed jet of flame, of a 
pale blue ooloor, and almost invisible by daylight. If a snudl frag- 
ment of an ozidizable substance be held jnst beyond the point 
of this flame, it beoomes intensely heated, and rapidly absorbs 
oxygen from the surrounding atmosphere, or, — ^if the blast from the 
blowpine be very strong, — from the air which passed unconsumed 
through the oen^ of the flame. 





Fio. n. 




Fio C4. 



When a substance is submitted to the action of the reducing 
flame, it should be held so as to be entirely surrounded by the 
yellow flame, and protected from the oxidizing action of the atmo- 
sphere, but as near as possible to the point of the flame, in order 
to utilise the greater heat of that part of the jet. 

Far superior to a Bunsen gas-jet is Mera/paih^s blowpipe lamp 
(Fig. 64), constructed on the principle of a Bunsen burner. The 
gas and air issue from the mouth of the brass jet well tnixedy and 
bum, when lighted, with a blue flame. The flame can readily be 
rendered a reducing one, either by increasing the supply of gas, or by 
diminiflhing the blast ; or an oxidizing one, by decreasing the gas and 
increasing the blast of air. By attaching the brass tube by means 
of flexible india-rubber tubing to a gas supply pipe, and connecting 
the air- tube with a short piece of tubing ending in an ivory or glass 
mouth-piece, the lamp becomes a highly serviceable piece of chemi- 
cal apparatus. 

8v/pport8, — Charcoal is mostly used as a support in reduction 
experiments. The best charcoal is that from the wood of the 
pine, lime, or willow; closely grained, free from knots, and well 
burnt. The pieces are best cut by a small-toothed saw into regular 
prisms of about six inches in length, and from one to two inches in 
breadth, having a flat smooth surface at right angles to the lines of 
growth, because the fluxes spread out on the charcoal on the other 
surfaces {Berzeliu8\ A good piece of charcoal may be made to 
serve for many experiments, by simply filing off the used surface 
and exposing a new one after each operation. 

What renders charcoal so valuable as a support in blowpipe 
experiments is» Ist^ its infusibility ; 2nd, its weak power for conduct- 
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ing heat ; 8rd, its porosity, which enables it to absorb within its pores 
r^^dily ^ible flaxes, such as borax, microcosmic salt, sodic car- 
bonate, potassic cyanide, leaving the infosible snbstance nndar 
examination behind ; and, lastly, its power of assisting in the redno- 
tion of oxidized substances in the inner blowpipe flame, on account 
of the carbonic oxide atmosphere which the charcoal furnishes by 
the partial combustion of its carbon. 

The substance to be subjected to the blowpipe flame (which if 
a powder should be previously moistened with a little water to 
ma^e it cohere) is placed in a shallow cavity, scraped out near the 
end of the charcoal, and the latter is so held that the flame impinges 
upon the substance at a slight angle, as seen in Fig. 58. 

Platinum wire, frequently also ptatinum foil, or a small platinxmi 
spoon, is employed for oxidation experiments, or for the difiosion 
of insoluble bodies in fluxes, in order to observe the coloured glasses 
which they produce. 

Thin platinum wire is chosen, which may be used in the form of 
a coil, with the ends unrolled, or in pieces about half a foot 
in length (Fig. 65). These are fused for convenience sake 
into a piece of glass tubing drawn out to a point, with 
the end turned into a hook or loop, to hold the borax or 
microcosmic salt which is to be fused into a bead. (Care 
must be taken that no substance, such as sulphur, lead, etc., 
which acts upon platinum, be fused upon the wire.) 

PloMntLm foil is employed as a support for substances 
which are not to be exposed to the reducing action of char- 
coal. The foil may be placed on a piece of charcoal, or held 
in the flame by a pair of forceps. 

Flaimum Spoon, — ^This should be of the size and form 
shown in Fig. 66, It may either be fixed into a wooden handle 
or into a cork. (The Hd of a smaU platinum crucible, supported 
on a platinum triangle (Fig. 67), answers equally well.) It 
(j is used for fosing certain substances with alkaline carbonates, 
Fio. 65. hydric potassic sulphate (SOsHoKo), or nitre (NOaKo). 



V 





Fio. 66. Fio. 67. 

A pair of Brass Forceps with Platinum Tips, — These are constructed 
as shown in Fig. 68. A fragment of the mineral or other substance 
is held between the platinum points, a, which are opened by pressing 
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on the knobs, b b, and close again by their own elasticify. These 

forceps are nsed for holding splinters of minerals, etc., which are to 

be heated in the outer or 

hottest part of the blow- ^ 

pipe flame, to ascertain 

their fusibility and the 

colour they impart to 

the blowpipe flame. ^ fxo. 68. 

Bxperiment 89* — ^Heat on a oharcoal support a litde litharge (plumbic 
oxidoi IPbO) in the reducing flame of the blowpipe. G^lobules of metallio lead 
are left, and a yellow incnutaUon forms on that part of the charcoal over which 
the flame paeses. 

This arises from the deposition of yellow plumbic oxide on the 
cooler parts of the charcoal. Some of the metal is, in fact, vola- 
tilized, and on passing through the outer flame of the blowpipe is 
oxidized. The same occurs in the case of other metals ; hence the 
different and often characteristic incrustations, observed when 
metallic oxides are heated on charcoal in the reducing flame, fre- 
quently help to distinguish such metallic bodies in a very ready 
manner. 

Bxperiment 88. — ^Heat a small piece of metallic antimony in the cayity of 
the charcoal in the oxidizing flame of the blowpipe. The metal melts readily, 
and giyes off white fumes, and a white deposit of antimonious oxide, SbjOsi 
ooyers the charcoal all round the metallio antimony, which by continued heat may 
be entirely yolatilized. 

Most metals (with the exception of gold and platinum) are 
capable of being converted into oxides, when heated in the outer 
flame of the blowpipe. 

Experlmeiit 89. — Melt some borax on the loop of the platinum wire to a 
dear pearl of borax glass. The bead should be perfectly colourless, both in the 
hot and cold state. While the glass is still hot and fluid, it is brought in 
contact with a small quantity of black cupric oxide, and the outer flame of the 
blowpipe applied a second time. The black oxide dissolyes in the liquid glass, and 
produces a deep dark colour. If introduced in small quantities the gkiss is 
green whilst hot, and blue on cooling ; if in large quantities the green colour is 
to intense as to appear black ; when cool this becomes paler, and changes to a 
greenish-blue. When heated in the reducing flame the copper glass becomes nearly 
colourless, but inomediately on solidifying assumes a red colour, and becomes 
opaque from the separation of metallic copper. By long continued blowing on 
charooal the oxide is reduced, and the metal separates in the form of a small 
metallic bead, leaying the glass colourless. 

The change which takes pla ce wil l be readily understood after 
what has been stated in Chapter AVlI with regard to the action of 
borax at high temperatures. The molecule BaOs forms with the 
CrOO a cupric metaborate, thus — 

BaOs + OaO = BsOsOuo". 

In performing this experiment, and experiments of a similar 
nature, care must be taken not to dissolve, in the first instance, too 
large an amount of the oxide, or other substance under examination. 
If a small quantity affords no distinct reaction, more may be easily 
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added. If^ however, the colour of the bead be too intenae to be 
clearly diatingaiahable, the bead may be jerked off from the wire^ 
and the portion which still adheres fused ap with a fresh qnantiiy 
of borax, in which manner a more dilute bead will be obtained. 

We possess in microcosmic salt another most yalnable flux, 
as it leaves, on ignition, sodic metaphosphate, a readily fdsible 
salt. The action of this salt is analogous to that of borax ; bat 
as experience has proved that the beads which it forms with 
many substances are more characteristic, and the colours better 
defined than those produced by borax glass, it is frequently preferred 
to the latter as a flux. 

Microcosmic salt, when fosing at first in its eight molecules of 
water of crystallisation, is so fluid that it readily drops frt>m the 
platinum loop. It is, therefore, advisable to fuse it on charcoal or 
platinum foil, when the water and ammonia are driven off, and a 
viscid residue is left. Some of the glass thus formed can readily be 
taken up on the platinum wire (the loop may be made somewhat 
smaller), and the powdered mineral or oxide fused with it in the 
same way as with borax. 

Experiment 99. — DissolTo a little nranio oxide, VjOa, in a bead of micio^ 
cosmic salt. It dissolyes to a clear yellow glass in the outer flame, and beoomee 
vellowish-green on cooling. Heated in the reducing flame the glass assumes 9 
Deaotiful green colour, which becomes more brilliant as the bead cools. 

The action of the sodic metaphosphate consists in taking up 
metallic oxides, and forming with them tribasic phosphates, con- 
taining more than one base. 

The blowpipe is of great assistance in chemical analysis^ 
because it individualizes the body under examination, by pro- 
ducing distinctive changes, which are peculiar for the most part to 
each of the metals. Although the presence of other bodies may 
interfere to some extent with the special reactions of the body for 
which we search, and thus render the search doubtfrd or in some 
oases nugatory, it cannot be too strongly impressed upon the 
chemical student to gain a complete mastery over the blowpipe 
reactions, as being by &r the most easy and readily available means 
of qualitative analysis. 

QUESTIONS AlTD EXSBCISSS. 

1. Describe the oonstraction of the month blowpipe. 

2. Describe the nature of a candle flame. 

8. Describe the construction of a Bwuen gas-burner. 

4. Explain the oxidixbag and reducing action of the blowpipe iame. Give 

examples. 
6. Explain tne use of borax and microcosmic salt in blowpipe reactions. 
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Cbaptek "XTX. 

OH shjoa and silioatss. 

Silica is one of Ihe most widely diffdsed eiibstanoeB in nature, 
and conBtitntes, together with the componnds which it &rms with 
metallic bases, viz., the eUicaUs, the greater part of the soKd Croat 
of onr earth. 

It is fonnd either in the free or combined state. White and 
yellow sand, qnajrte, agate, flint, rock, crystal, opal, chalcedony, ore 
more or lees pore silica. 

BxirertiHent 91. — Add dilute bjdrocbloric, nitric, of lulpliDrio sdd to a 
■olulioi) of ao-called wattr glat* (sodio silicab)). QelatiDoua lilioio hydrate 
MjpanUB. which mtv be thrown on a filUr and waahed 
with water, in wbich medium it ii but sligbtlj aolnble. 

D17 the precipitate bj placing the funnel on a hot Mud- 
baui oTer a filter drier (Fig- 69). The gelatinoua mau 
■brinti together oonsiderab^. It loeei ita water and be- 
comea anhydroua, eren at the temperature of boiling 



precipit^le, when dry, from the filter, and 




heat it atronglj in a ponielain or platinum crucible, 
fine white amorphoui powder is left, perfectly inaolnble 

Analysis has proved that this white powder 
flonsistfi of one at«m of the element silicon, and 
two atoms of oxygen ; it iB called silica, or iQioic 
anhydride, SlOj. Silicon being combined with 
two atoms of oxygen, mnst be a tetrad element, and silica is written 
graphically — 

0=Si=0. 

■xverlaaent •!. — Mix somejtwly powdered* gnarti intimately with about 
tour times ite weight at f^tgitm mixtitn (OOKao. and OOKo, mixed in atomia 
qmntitiM) and heat in a coiered platinum crudbla orer the EUme of a Bunaen 
lamp. The mixture fuaea, if anfficient heat be applied, and giTea off hubblea of 
carbonic anhydride. Heat as h)ng as any gaa oomea off, and keep the oantenta 
of the platinum crucible from ten minutca to a qoarter of an hour in a atat« of 
quiet foaion ; allow to cool, and remore the sohdifled masa &om the crucible by 
digesting for aome time with hot water in a porcelain dish. The whole of it 
dissolTcs. This prorea that the qnaiti was completely fused. (A aucceaaftil 
fonon can only be effected by powdering the qoarti in the flnt instance reiy 
finely.) Addulate the solution now with dilute oydrocbloric acid ; carbonio an- 
hydnde ia erolved, owing to the deoompoaition of the eicesa of tfaa alkaline c«r- 
bonatea, and gelatinous aiiica aeparates. Eraporate to complete diynees on a 
watar-Imth. Btir the gelatinous mass wbich is left with a atout glasa rod, and 
bieak np the lump*. Transfer the dish for a short time to a hot aand-bath, and 
apply a aomewbat stronger beat. Bet it aside to oool, and treat with a few drops 
M conoentiated bydrochlorio acid. Allow the acid to soak for some time, and 



■ Hard anbstMioea, such m qoarti, ibonld be powdered in an agate m 
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then add hot water. Filter the insoluble residue, wash well, dir and ignite 
gently in a poroelun or platinum crucible. A dazzling white powaer of silicic 
anhydride \nll be left. 

The changes may be expressed symbolically by the following 
equations : — 

(1) 2SiO, + 2(CONao„COKo,) = SINao4,SlKo4 + 4C0,. 

Fusion mixture. 

(2) SiKo4 + 4HC1 = SiHo4 + 4KC1. 
SiNao4 + 4HC1 = SiHo4 + 4NaCl. 

Silicic hydrate. 

(3) SIHoi = SiO. + 20H,. 

SUicic anhydride. 

Silicic acid (also called orihosilicic acid) is a tetrahdsic acid^ 
being combined with four atoms of Ho. It is written graphically — • 

H 



A 



I 

H— O— Si— 0— H 

A 
k 

A dihasie acid is said to be produced by the eyaporation in vacuo 
at 16^ C, of a solution of the tetrabasic acid in water — 

SiHo4 = SiOHo, + OH,. 

This add is of little interest. 

Silicic acid is an extremely indifferent body ; it is inodorous 
and tasteless, and has scarcely any action upon yegetable colours 
(Utmus). It combines with bases in the wet way with great diffi- 
culty, and forms amorphous salts. Like boric acid it is affected 
quite differently at a high temperature. 

Bxpertment 98. — ^Heat a mixture of powdered nitre (XVOjKo) with finely 
powdered quartz in a platinum crucible oyer a good gas flame ; ruddy fumes are 
seen to escape. The nitric anhydride is displaced by the silicic anhydride, and 
breal» up as soon as it is liberated from the nitre into If JO4 and O. 

Silicic anhydride, therefore, liberates nitric anhydride from ite 
salte. A similar action takes place when sodic chloride is employed 
instead of nitre. SiOt can even drive out SOs (e.g., from SOaNao,), 
especially when heated with it in the presence of charcoal ; and yet 
in Exp. 90 it has been shown that silicic hydrate can be separated 
from sodic silicate by dilute hydrochloric acid. 

Silica^ in this respect, resembles boric acid. It exhibits at 



GENERAL PROPERTIES OF SALTS. 113 

different temperatures the same curions reciprocal afflniiy^ for it can 
be displaced &om its saline combinations by hydrochloric acid, etc., 
or may itself displace at a high temperature, — owing to its 'fixed 
character, — ^volatile acids, such as carbonic, nitric, hydrochloric,* 
salphnric acid. On passing carbonic anhydride through a solution 
of Bodic silicate, gelatinous silicic acid separates in flakes. 
The reaction takes place according to the equation — 

SlNaoi + 4C0, + 40Hs = SiHo^ + 4COHoNao. 

Hydric Bodic 
carbonate. 

It is, no doubt, owing to this action of carbonic anhydi*ido upon 
silicates, that many spring waters contain small quantities of silicic 
acid in solution. 

Different kinds of glass, colourless or coloured, may be made on 
a small scale by fusing before the blowpipe flame a small quantity 
of sodic carbonate, together with some white SiOi, and by dipping 
the clear bead into yarious metaUic oxides, and heating once more. 

Porcelain, fire-clay, bricks, tiles, stone-ware, pottery, etc., consist 
mainly of aluminic silicate. 

A great many minerals consist of silica and earthy and metallic 
bases in varying proportions. 

QUESTIONS AKD EXElEtOISES. 

1. How does silica ooour in nature ? 

2. How can silicic anhydride be prepared from a solution of water-glass ? 
8. How is white sand oonTerted into potassio silicate ? 

4. G-iye symbolic and graphic formulsD for silicic anhydride and sUicic acid. 

5. How would you show experimentally that silica can displace N3O5 or 8O3 

from their respectiye sodic salts ? 

6. Explain the action of OO^ upon a weak solution of sodic silicate. 

7. What substances enter diiefly into the composition of porcelain, fire-clay, 

stone- ware P 

8. How mnch SiOs, and how much OOKao* are required to manufacture 100 lbs. 

of water-glass P 
0. 1'2S6 {prm. of fire-cIajL yielded '793 grm. of SiOs, what is the percentage of 
silica in the clay ? 



Chapter XX. 

GENERAL PROPERTIES OF SALTS. 

The sohihilUy of different salts in water varies very much. Some 
salts, snch as calcic chloride, CaCla, magnesic chloride, BSgCIa, 
cannot be left exposed to the air even, without attracting moisture 
very rapidly ; they are deliquescent. Others, such as calcic carbo- 
nate, COCao", have no attraction for water. Certam salts dissolve 

• By heating the mixture of SiOj and NaCl in a current of steam. 
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in water, otHers are insoluble. Almost all salts which are solnbld 
in water, dissolve more freely and more extensively in boiling than 
in cold water. A solution is said to be saturuted in the coldy when no 
more of the salt dissolves in it ; a hot saturated solution, when boUing 
water has dissolved as much of a salt as will dissolve. 

Experliiient 94.— ^Dissolye Bdme common salt in hot water in a porcelain 
dish, and raise the temperature at last to boihng. Plunge a thermometer into 
the liquid. The mercuir rises rapidly above lOO* 0.— the temperature of boiling 
water. A iaturated boiling solution of KaCl indicates in fact a temperature of 
108— 109* 0. 

The boiling point of saturated solutions, and the percentage of 
bolubility of a few well known salts, are here annexed — 

Parts by weight 

of salt dissolved Boiling point 

Name of salt. in 100 part* of saturated 

of water. solution. 

Potaasic chlorate 61-5 104-2* C. 

Baric chloride 601 104-4'' „ 

Sodic carbonate 48*5 104-6** „ 

Potaesic chloride 59*4 108-3° „ 

Sodic chloride 41-2 108-4* „ 

Ammonic chloride 88'9 114'2® „ 

Potassic nitrate . . . .' 3351 116-9° „ 

Strontic chloride 117*5 117-8<» „ 

Sodic nitrate 2248 1210** „ 

Potassic carbonate 205-0 1350** „ 

Calcic nitrate 3620 1510** „ 

Calcic chloride 825-0 179-5*' >, 

It appears that in most instances the boiling point is directly 
proportionate to the solubility of a salt. 

On allowing a saturated boiling solution to cool| some of the 
salt crystallises out, and the crystals will be all the more perfect the 
Blower the solution cools. In order to get good crystak, saline solu- 
tions are set aside for spontaneous evaporation. The solution should, 
of course, be well protected from dust, by being kept carefully covered 
with filter-paper. In consequence of the constajitly increasing con- 
centration of the saline solution by slow evaporation in the air, the 
crystals have plenty of time to form regularly, and to grow slowly, 
till at last nearly the whole of the salt has been withdrawn from the 
solution. The remaining liquid may then be poured off from the 
crystals; it is called the moiher-liquor. Growing Crystals may 
actually be' fed with a fresh portion of the saline solution, till they 
have acquired a considerable size. 

Experlmeiit 9ft. — Make a hot saturated solution of the well known salt 
ntum. Allow it to cool. Then pour off from the crystals the still warm mother- 
hquor into a preriously warmed porcelain dish, and set aside for ciTBtalliflatiou. 
When cold, pour off the mother^liquor, and pick out a few of the best cryvtals. 
They are octokedral in shape. One or more of these octoh^dra are then put 
into the cold saturated motlier-liquor, and the crystal turned over on a fresh side 
ererj dn j, till after eight days it has rested on every one of the eight sides. It 
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grows during this time, and attains considerable size, whilst the form of crystalli- 
sation remains the same. 

I^ t^o||y8tal were not turned, it would likewise grow, but not regularlj ; for 
no depoflir cf saline matter can take place on the side on which it Ues, nor on the 
side diametrically opposite to it. It would acquire what is called the inmeated 
odohedral form. Instead of turning the crystals orer, day after day, they may 
be allowed to form on a piece of fine string, from which they ore conreniently 
suspended in the mother liquor, and left to grow slowly. 

OryttdUiiatum furnishes ns with the means of purifying iolvhle 
ioUs from foreign substances. It is easy to purify salts soluble with 
difficulty firom salts which dissolve freely in water, such as potassio 
carbonate, calcic chloride. Smaller crystals, as a rule, are purer 
than large crystals, because some of the mother-liquor is apt to 
be locked np within the interstices of the latter. Thus commercial 
nitre or saltpetre contains small quantities of potassic chloride and 
sulphate, which can only with difficulty be removed by repeated 
recrystallisation : but they are readily eliminated by constantly stirring 
a hot solution of the impure salt whilst it cools, as long as a fine 
powder (called ealipetre flour) of potassic nitrate falls out. The 
impurities are left in the mother-liquor. 

Many salts combine chemically, the moment they crystallise, 
with a certain quantiiy of water, called water of crystallisaMon. This 
appears to be essential to their existence in a crystalline condition^ 
and materiaUy influences their structure; for on expelling the water 
by heat, the ciystals crumble down to a powder. The anhydrous 
powder attracts water again very eagerly, and such dehydrated 
salts are frequently employed to deprive certain liquids, such as 
spirits of wine, etc., of water. 

A great number of salts unite with the same amount of water of 
crystallisation under identical conditions of temperature and satu- 
ration: and the molecular units of water of erystallisation are 
reducible to simple constant proportions, and follow the law of 
constant chemical combining proportions, as much as compounds of 
two or more elements. 

EzpcrimeBt 96* — ^Heat a few grammes of hhte vUriol, or cupric sulphate 
(SOHosCuo", 4 a<j.) cautiously in a jioroeloin dish. The salt fuses in its water of 
crystallisation, or it undergoes what is called the aqueous fution. It is dihydrio 
at about 100° C. Keep stirring with a glass rod, till the water of crystallisation 
has been driyen off, and till the blue salt has nearly turned white. On adding a 
little water to a portion of the powder, and stirring, it acquires its blue colour 
again. Much heat is giren off at the same time. 

Experiment 9'f* — ^To another portion of the white powder odd a little 
alcohol (methylated spirit). The blue colour is likewise restored. The alcohol 
must hare become deprived of its water. In this manner weak alcohol may be 
rendend almost abtolmte, i.e., firee from water. 

The evolution of heat which accompanied the combination of the 
white powder with water, points to an actual chanical combination 
between the water of crystallisation and the salt. 

On exposing the white powder to a stronger heat (about 200® C), 

Another molecule of water is given off, which is evidently combined 

differently from the four molecules of water of crystallisation. It is 

termed icafer of constitution, 

I 2 
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The water of ciyBtallisation of a salt, obtained from one and the 
same saturated solution, frequently varies with the temperature: e.g,^ 
sodic sulphate (SOjNaos) when idlowed to crystallise from its solu- 
tion at a temperature of 33'' C, retains ten molecules of water, and 
yields anhydrous crystals above that temperature. 

Hanganous sulphate (SOsMno") crystallises from its aqueous 
solution with six molecules of water of crystallisation at 15^ C. It 
has the composition SOHo,Mno" + 6 aq. Between IS'^C. and 30"* G. 
it crystallises with five, and between 30° C. and 4ff* C. with four 
molecules of water of crystallisation. The crystals belong respec- 
tively to the rhombic, triclinohcdric, and monoclinohedric systems. 
It follows that the molecules of water of crystallisation are capable 
of modifying the character of salts as much as their other con- 
stituent elements. The last molecule of water — the water of 
constitution — is only driven off at 200° C. 

ExpcrfmeBt 98.— EzpoflO a few crystals of washing soda (OGNaoi + 10 aq.) , 
ibr Bome time to the air. They become opaque, and crumble at last to pieces. 
The salt loses its water of crystallisation, even at the common temperature, but 
more rapidly when gently heated. 

The same is observed when green vitriol (SOHoaFeo" -f- 6 aq.), 
hydric disodic phosphate (POHoNaOi + 12 aq.), sodic sulphate 
(SOsNaoa + 10 aq.), and other similarly constitnted salts are exposed 
to the air. These salts are said to be efflorescent 

Salts which have been allowed to crystallise from water at the 
ordinary temperature, and have consequently taken up as much 
water of crystallisation as they possibly can, — ^produce cold, when 
their crystals are redissolved, either at the same or at a higher 
temperature ; because they absorb heat from the water on passing 
from the solid to the liquid state. Heat must, therefore, have become 
transferred, in the one instance, from the dehydrated salt to the 
water (which has already as much heat as it can bind), and heat is 
therefore given off: in the other instance from the water to the 
crystalline salt, the latter depriving the water of heat. On mixing 
some salts or a mixture of certain salts in definite proportions with 
water, a considerable degree of cold may be produced. Mixtures of 
this kind are called freezing mixtures. 

Experiment 99. — Mix one part by weight of crystaUised sodic carbonate 
with one part bj weight of water at 10** C, and ascertain bj the aid of a ther- 
mometer that the temperature of the water is lowered from 10^ C. to — 14^ O. 

Numerous other salts may be employed with like effect. 

Colour of Salts, — ^Most salts are solid bodies at an ordinary tem- 
perature. Salts obtained by the action of a colourless acid upon a 
colourless base are likewise colourless. Coloured bases produce for the 
most part coloured salts on combining with colourless acids ; and the 
crystalline salts mostly resemble the original base in colour. Salts 
formed by the combination of a colourless base with a coloured acid 
generally exhibit the colour of the acid from which they are 
derived. 

TaMe of Soluhle Salts. — The tasto which various salts exhibit is 
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for the most part dependent apon the constituent base. Thns, sodic 
salts possess a pnrely saline taste, not unlike that of conmion salt ; 
potassic salts possess a saline, and somewhat bitter taste. Magnesio 
salts have a nauseous bitterness ; aluminic salts an astringent sweet 
taste, etc. The taste is also influenced by the acid which the salts 
contain, as in sulphites and salts of metallic acids. 

QUESTIONS AND EXERCISES. 

1. Give instances of deliquesoent salts. 

2. How would you prepare a saturated solution of a salt ? 

3. What eenenu relation is there traceable between the solubility of salts and 

the boiling points of their saturated solutions ? Give instances. 

4. How are salts soluble in water purified ? 

5.. Explain tbe terms mother-liquor, aqueous fusion, water of constiiuiion, 
efflorescent, freezing mixture. 

6. How would you prepare octobedral crystals of alum P 

7. How is saltpetre freed from potassic chloride and sulphate ? 

8. GKye the symbolic formuliB of blue yitriolj green yitriol, crystallised man- 

ganous sulphate. 

9. Explain what takes place when blue yitriol is heated — ^Ist, to 100' C. ; 2nd, 

to200»C. 

10. What is the action of dehydrated cupric sulphate upon ordinary proof spirits 

(containing 50 per cent of alcohol) Y 

11. On what considerations would you select the materials for making a freezing 

mixture? 

12. Explain the cause of the colour which yarious salts exhibit. 

13. Wliat influences the taste of salts 1 

14. How would you determine experimentally the percentage of wat«r of crystal- 

lisation in a salt? 

15. Throe grms. of washing soda lost 1*888 grm. of water on drying and ignition : 

what is the percentage of water of crystaUisation, ana how would you 
calculate the formula of the crystalline salt from these numbers ? 



Chapter XXL 

REACTION OF SALTS.— NORMAL, ACID and BASIC 

SALTS.— DOUBLE SALTS. 

On adding a solution of potassic hydrate to sulphuric acid (comp. 
Exp. 60), we obtained a salt which was neutral to litmus paper,* 

* Litmus is a yegetable colouring matter consisting of a true salt of a mineral 
base and a vegetable acid. On adding to a solution of litmus in water a mineral 
acid, the organic salt is decomposed, and the organic acid liberated. This acid 
possesses great tinctorial power, and is of a light red colour. A weak acid 
depriyes the blue salt only of one-half of its base ; leaying a salt, containing excess 
of the organic acid, and imparting to the solution a peculiar wine-oolouivd tint. 
On the addition of a soluble base, the red solution turns blue again, because the 
base combines with the acid to form a blue salt. 

A sensitive litmus solution should not, therefore, contain any free base, 
because acids would f!rs!i neutralize this latter before they could liberate the 
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t.0., it did not turn blue litmns red nor red litmns blae. Now, 
potaasic hydrate has a Btrongly alkaline, and Rulphnric acid a strongly 
acid reaction : and it would, therefore, appear aa if one of the most 
characteristic signs of the salifie nature of a body consisted in its 
neutral reaction. This applies, however, only to a very limited 
number of salts, such as potassio nitrate (ZTOaKo), sodic nitrate 
(Zr02Nao), sodic sulphate (SOaNaoa), magnesic sulphate (SOaMgo"), 
calcic sulphate (SOaCao''), baric niti^te ((N02)2Bao"). By far the 
greater number of salts, in fact most soluble sulphates and nitrates, 
have the power of reddening blue litmus, e.g,^ ferrous sulphate 
(SOaFco^X zincic sulphate (SOaZno^), mang^ous sulphate 
(SOaMno '), cupric sulphate (SOaCuo"). Others, again, turn red 
litmus paper blue ; e.g., sodic and potassic carbonates, borax, etc. 
Hence there are salts which react neutral ; others which react acid 
or alkaline, and in which the acid reaction does not arise frona any 
free or uiicorribined add in the salt, nor the alkaline reaction from 
any free alkali^ but in which the reaction is due rather to the relative 
strength of the acid and basic constituents which make up the saline 
body. 

The powerful sulphuric acid, for instance, can only just neutra- 
lize the strong alkali, potassa; and when in combination with weaker 
bases, such as the oxides of the metals proper (which, as we have 
seen repeatedly, are without reaction on litmus-paper), it impresses 
its acid character upon the salts. The same applies to the salts 
which nitric and other mineral acids form. 

Weak acids, such as carbonic, boric, and silicic acid, on the other 
hand, are not capable of entirely neutralizing strong alkaline bases, 
such as potassa and soda : their saline compounds react alkaline. 
It is impossible, therefore, to infer the preponderance of acid or 
base in a salt from the reaction, if any, which it possesses ; for in 
solutions of salts, such as — 

SOaNaoa, and SOaCuo*. 

Sodic sulphato Cupric sulphate 

(neutral). (acid). 

— salts which exhibit neutral and acid reactions, and which are formed 
by the displacement of the hydrogen of the sulphuric acid by atomic 
amounts of the metals sodium and copper, — the same amount of 
acid causes the one salt to become neutral, the other acid. 

If we take a salt* to be the product of the mutual action of an 
acid and a metal or base upon each other, normal salts are obtained 
by exchanging the whole of the replaceable hydrogen of the acid for an 
equivalent amount of a metal, or of a j^ositive compound radical, 
such as ammonium, NH^. 

acid contained in Utmus. A solution of red litmus is obtained by adding rery 
dilute sulphuric acid, by means of a gloss rod, till the blue of the litmus is 
changed to a distinct red. Such a solution is turned blue on coming in contact 
with the least trace of a soluble base. 

* Frankland : Lecture Notes, page 12. 
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Instances of normal salts : — 

Acid from which 

Salts. the salts are 

derived. 

NOsKo, neutral reaction. .,,,».. .... NOsHo. 

SOiNaOft „ „ SO,Ho,. 

SO,Cao", „ „ SO,Ho,. 

(NOf)sCoo", acid reaction NOtHo. 

ZTOKo, alkaline reaction ZTOHo. 

SOsZno", acid reaction S OtHoi. 

PONaot, alkaline reaction , POH03. 

(3PO)»Cao"i (insol. in water) JPOHo,. 

8NaO|, alkaline reaction BHoa. 

SiNaoi, „ „ SIH04. 

An acid Bcdt is obtahied when two or more atoms of replaceable 
hydrogen are only partially excJianged for the metal or posUivd 
compound radicah 

The following are illustrations of acid salt^ — 

Salt. Acid. 

SOflHoKo, acid reaction SOfHot. 

COHoKo, alkaline reaction (COHof ) P 

POHoNaos, alkaline reaction POHos. 

AsOHoKov, alkaline reaction AsOHos. 

SOHONao, acid reaction SOHof. 

Monobasic acids form normal salts. Di-, tri-, and tetra-basic acids 
only can form acid salts. Dyad elements replacing Ha in dibasic 
acids exclude the possibility of aoid salts, unless two molecules of 
acid enter into the reaction. 

The reaction with litmus is obviously no criterion of the normal 
or acid constitution of a salt. 

" When the number of bonds of the mstal or compound positive 
radical in a salt exceeds the number of atoms of displaceable hydrogen 
in the a>cid, the compound is "usually termed a baalo salt,'^ ex. g^. 

Syuibollc formuhv. Graphic fonnuhv. 

H II 

I I 



Ordinary \ CHoPbo" pu " / \ I I / \ 

white lead. / CHoPbo" ^^^ p^ ^(Ij.O-Pb-O-O Pb 

O O 

Cu— 0— C— 0— Cu 

31alachi(e, 1 I II I 

Dicupric carbonate >CO(OCu"Ilo)„ O O O 

dihydrate. J | | 

H H 
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I 

o o 



Bismuthous nitrate 1 m^ri /ri-o'inrr \ ir r\ -d: 

dihydpate. }WO,(OBi Ho.) ^^^^^^' 

O O 

i 
H 

Double Salts, — There exists a class of salts called double salts* 
containing one acid only, but two different bases, and quite dis- 
tinct from the acid salts just explained. The base ammonia is 
especially remarkable for its tendency to form double salts. 

Chemists are compelled to admit in these double salts, and in 
9alts containing water of crystallisation, a mere molecular union or 
molecular combination. This, in chemical notation, is distinguished 
from atomic combinations by the use of the comma. In all cases 
molecular combination seems to be of a much more feeble character 
than atomic union. 

The following are instances of double salts, in which a mei'e 
molecular combination is traceable — 

AmCl, MgCI, + 60H,. 
2AmCl, re,Cl« -f 30H,. 
2AmCl, SnCl, + OH2. 
2KC1, ZnCl,. 

Other double salts are formulated atomically, thus — 

Symholically. Graphically, 

O 

SS^o ^®''"' ^®^»- Am— O— S— 0~Fc— 0— S— 0— Am. 

O 

In like manner an important group of double salts is formed by 
the combination of the sulphates of the metals aluminium, chro- 
mium, iron, manganese, with the alkaline sulphates. They have 
received the name of alums, from the resemblance which they have 
to common alum, a salt, known long before the others were prepared. 

Examples of alums we have in — 

S02Amo — I 
Common ammmiium alum (Diam-S02 = 4 , ^ oa#itt 
monic aluminic teti'asulphate).80a =^'^ ,-^^^^2. 

SOsAmo-— J 
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Oraphie formula. 


S 

/\ 
O o 



Am — O— S— 0— Al— Al— O— S— O— Am 

II II II 

O 

\/ 

s 

/\ 

o o 

802KO — I 

Potassium Iron Altivi (Dipotassic 802= t^, «• c^a^^tt 
ferric totrnBolphate). 80^= ^^"^ '^^^'• 

80aKo — I 

80aKo — I 
Potassiu7ii Chronie Alum (Dipo- 80a = p ti oj#%tt 
tassic chromic tetrasulphate). 80a= ^'*^ >-54UJi2- 

8O3K0. — I 

These double salts are remarkable for the facility with which 
they crystallise and for the size and beauty of their crystals. 

QUESTIONS AND EXERCISES. 

1. Qive instancps of salts which react neutral acid or alkaline with litmus-paper ; 

and assign reasops for the reaction which diflferent salts give. 

2. Pcfine normal, acid and basic salts ; gire instances of each class of salts. 

3. Why can litmus not he employed, in order to ascertain whether a salt is a 

normal or acid salt f 

4. What is a double salt ? 

5. Gire instances of double salts in which only a molecular combination can 

be traced. 

6. Enumerate some double salts in which an atomic union is apparent. 

7. What is an alum ? Give names, as well as symbolic and graphic formula) of 

different alums. 

8. Write out the symbolic and graphic formula) for hydric sodic sulphite, white 

lead, and malachite. 
0. Explain in what combination water of crystallisation is considered to exist in 

salts. 
10. Tou have given to you hydric potassic sulphate and saltpetre. Explain how 
you would demonstrate experimentally that one of tlicfe salts is an acid 
salt. 
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CnAPiER XXII. 

DEFINITION OF CHEMISTRY.— MODES OF 

CHEMICAL ACTION. 

Chemistry has been defined as " the science which treats of the com- 
position of all kinds of matter, and of those changes in composition 
which resnlt from the action either of different kinds of matter upon 
each other, or of external forces upon one and the same kind of 
matter."* 

Chemical changes depend upon the affinities with which every 
kind of matter has been endowed by nature : they are modified more 
or less by the temperature, and by the state of aggregation — solid, 
liquid or gaseous — of the simple or compound bodies. 

Maiter undergoes a chemical change'^ — 

I. Wben an element comliliies with another element In simple 
or multiple proportions, to form a compound body : e.^., 

Hg + O = BgO (Exp. 7), 
Sbs + O3 « SbaOa (Exp. 88), 

or, when an element or a compound liodjr combines with a compound, 
|o form m more or less complex compound body : ^.y., 

O + SO2 « SO3. 

K Ha + HCl = »H4a (Exp. 72). 

Ono of the most important groups of bodies, tiz., the metallic oxldew, is 
formed by the combination of metals with oxjrgen — a chemical change which is 
a true process of combustion^ accompanied by the OTolution of much heat. The 
following are the conditions which are most raTOurable tasuch a change : — 

Ist. The metal should he in a finely divided state j e.g.^ in the form of powder, 
or as thin wire or foil. 

Copper wire, or thin zinc foil, bums in a Bunsen gas flame ; i.e., the metals 
combine with oxygen to form cupric and zincic oxide. Iron obtained by the 
reduction of ferric oxide, in a current of dry hydrogen gas — so called pyropnorio 
iron — is oxidized by air at the ordinary temperature. 

End. A metal which forms a fusible oxide bums more readily, because a fresh 
surface of unoxidized metal is constantly exposed to the oxygen. 

3rd. A volatile metalf i.e., a metal whicli can bo readily converted into 
vapour, such as sodium, zinc, cadmium, combines with oxygen more readily than 
a metal with difficulty volatilized, such as silver, copper ; because the two elements 
are brought together in the gaseous state, and the contact between their particles 
is thereby greatly promoted. 

4th. Many metals which at the ordinary temperature are not acted upon by 



• Frankland : Lecture Notes, page 1. 

+ A change arising from the rearrangement of the elements^ or groups of 
el^mentSf already contained in a body, so as to form isomeric compounds, occurs 
very rarely among inorganic bodies, and may be neglected altogether. 
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dry air, art rapidly oxidited in a moiH atmotpher^^ containing traops of carbonio 
ai&ydride. 

Iron, for example, nuts rapidly in moist air. 

Zinc ia protected, after a time, by a film of white oxide. Both these metals 
oxidise for more rapidly when exposed to acid fumes. Tin plate, i.e., mm 
coated oyer with a layer of tin, in order to protect it from rusting, is rapidly 
destroyed as soon as the tin coating has become damaged in places, because a 
Toltaic action is set up between the metals tin and iron and the oxygen. 

Iron filings placed in a saucer and moistened with water, are for some 
time left exposed to a moist atmosphere. They soon become covexed with 
red iron rust. The oxidation proceeds at first slowly, at the expense of the 
oxygen in the air which the water holds in solution, but goes on more rapidly 
after the metal has become covered with a coatinff of iron oxide. A faint 
odour of hydrogen is likewise obsorred; because the iron forms the electrQ* 
positive pole of a voltaic pile-— 

+ ^ 

Fe O 

Water is thus decomposed at the ordinary temperature, and the iron is 
oxidized simultaneously by the oxygen of the air, dissolved in the water, and by 
the oxygen of the water itself. 

^ Lower oxides, e.g., ferrous or manganous oxide, are rapidly converted into 
Ggher oxides, by the action of the oxygen in atmospheric air, especially in the 
presenoo of water, or when they exist already as hydrates— 

3re"Hoj + O + OH2 = FeaHoe. 
Ferrous Ferric 

hydrate. hydrate, 

2atil"Ho. + O - {5ggg° + OH,. 

Manfl;anous Manganic 

hy(&ate. hydrate. 

Other lower oxides require to be heated in contact with air; PbO, for 
instance, when haated to ^/XP C, combines with oxygen to form red lead, 

3F1>0 + O =» Fl>304, 

but yields its oxygen again when healed more strongly, — 

FbaO^ « 8FbO + O. 

Combination and reaolntlon being, in this instance, merely a question of 
temperature. 

5th. Mantf melaU whoMe oxidee combine with alJccUi baeee, and play the part <(fan 
acid, are all the more rapidly acted upon by oxygen when in contact with aUuuies, 
or in the presence of the vapour of ammonia. 

Experiment lOO. — Fill a test-tube with oxygen and bright copper turn- 
ings, and invert it over a small dish containing a strong solution of ammonia. 
The colourless liquid becomes gradually blue, and is seen to rise slowly in the 
tube, till the whole test-tube is filled with it. 

Copper is but little acted upon by moist atmosphere ; not so, however, when 
placed in a gaseous mixture containing oxygen and ammonia. The chemical 
change is induced by the tendency of cupric oxide to dissolve in ammonia to a 
blue liquid, and to lorm a chemical compound of a quasi-saline nature : — 

CuO + 2AmHo » CuAmos 4 OII2. 

Ammonic 
cupratc. 
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Metalfl may bo divided, according to tho facility with wliich they become 
oxidized and displace hydrogen in water, as follows : — 



Metab whose oxides are not decomposed by heat alone. 



I. 

Uetala which 
oombinowlth oxy- 
gen at all tempe- 
ratures, and which 
decompoce water 
at the loireit tem- 
perature, with ero- 
Itttion of hydrogen. 



Potassium. 

Sodium. 

Barium. 

Strontium. 

Calcium. 



II. 
Metala irhich 
combine with oxy- 
gen only at an 
increased tempe- 
rature, and vt'ich 
decompose water 
at 100° C, or. in 
the presence of an 
acid, in the cold, 
hydrogen being 
given off. Some 
(Al, Zn, Cd) de- 
compose potas- 
aic hydrate, with 
evolution of hy- 
drogen. 



Magnesium. 

Aluminium. 

Manganese. 

Iron. 

Chromium. 

Nickel. 

Cobalt. 

Zinc. 

Cadmium. 



III. 
MctalB which com- 
bine with oxygen 
at a red heat, and 
which decompose 
water (steam) at a 
red heat; but are 
not oxidized by 
water in the pre* 
sence of strong 
acids. Their oxides 
act as adds In the 
presence of strong 
alkali bases. Tin 
decomposes potassic 
hydrate, on boiling, 
with evolution of 
hydrogen. 



Tin. 

Antimony. 



IV. 

Metals which com- 
bine with oxygen at 
a red heat, and 
decompose water 
(steam) to a slight 
degree, and only at 
a Tery high tem- 
perature. They do 
not decompose 

water in the pre- 
sence of strong adds 
or alkalies at the 
ordinary tempera- 
ture. 



Copper. 

Lead. 

Bismuth. 



Metals whose 

oxides are 

decomposed 

by heat 

alone. 



V. 

Metals which 
do not com- 
bine with 
oxygen di- 
rectly, and 
which do not 
d ecompose 
¥rater imder 
any condi- 
tions. Tbey 
are some- 
times called 
noble metals. 



Mercury. 
Silver. 
Platinimi. 
aold. 



The power which metals possess of combining with BQlphar, chlortnet 
&c., varies likewise greatly in degree and intensity, according to the nature and 
state of division of the metal, and according to temperature. Most metals, as 
we have seen in Chapters YII and YIII, combine directly with chlorine and 
sulphur, and their respective chlorides and sulphides resist decomposition by 
heat, with the exception of those of the noble metals, gold and platinum. 

Matter undergoes a chemical change — 

II. When a compound body resolves Itself Into Its component 
Clements ; or Into an element and a compound body ; or, lastly. Into 
two or more» less complex compound bodies : e.y., 

BgrO « Hg +0 (Exp. 8). 

SFo'^Sj = Pe3S4 + S2 (Exp. 40). 

VOjAmo « OJS3 + 20Hs (Exp. 70). 

(ttO^hVho" = FbO + O + K SO4 (Exp. 66). 

Resolution is often accompanied by combination in the presence of an 
clement or a compound body, which exerts an affinity for one of the elements, 
^•St't 

Cu + KA = Vfii -I- OuO (Exp. 67). 
Cii + SO3 « SO2 + CuO (Exp. 64). 
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III. When an element or vronp of elements In a liodjr Is displaced 
by another element or vronp of elements. 

This change comprises many interesting reactions based upon the disphice- 
ment of a less electropositiye by a more electropositive element : e.g-^ 

2OH2 + Nas «^ H2 + 2NaHo (Exp. 1). 

Iron displacing copper in copper salts : — 

SOjCuo" + Fe =» SOaFeo" + Cii.» 

Zinc or copper displacing silver in silver salts : — 

2AgCl + Zn » ZnClj + Ag^. 

The more electropositive metal displacing, in fact, the loss electropositive in the 
following order : — 

Zn, Fe, Cu, Sn, Pb, Hg, Ag, Pt, Au. 

In the dry way, the more electropositive metal sodiom, when heated with dry 
alui9inic chloride, Al^^^ds, yields alaminium and sodic chloride : — 

AlsCle + 3Na, => 2A1 + 6Na01. 

Magnesic iodide, when heated with sodium, yields magnesium : — 

Mgl, + l^a2 » Mg + 2KaI. 

Hydrogen, carbon or carbonic oxide, set free the metal in metallic 
oxides, e.g, :— 

ONaa + C « Na, + 0"0 (Exp. 28). 

CuO + IT2 « Cu + OH. (Exp. 27). 

2FbO + C = 2Pb + C^'CJj (Exp. 87). 

A change of this kind is usually termed a reduction. Hydrogen displaces 
metals from most oxides only at a high temperature. It is without action upon 
the oxides of potassium, sodium, barium, strontium, calcium, aluminium. The 
oxides of mercury, silver, platinum, and gold are reduced by hydrogen at a 
temperature a little above 1(K)° C. ; whilst the other oxides are for the most part 
only reduced at a red heat. 

The oxides of iron are reduced to metallic iron by hydrogen with formation of 
steam ; and yet one of the methods for preparing hydrogen consists in passing 
steam over iron-turnings, placed in a gun barrel and heated in a furnace. This 
carious reciprocal action depends evidently upon the relative quantities of iron 
oxide and hydrogen, and of metallic iron and steam, which are acted upon. In 
the one case the steam formed by the reduction of the ferric oxide in a current 
of hydrogen is immediately carried along by the excess of hydrogen gas and 
removed out of contact with the reduc^ metal ; in the second the steam is 
lamly in excess and carries along the liberated hydrogen. Temperature likewise 
innnenoes these changes. 

In carbon we possess a most powerful reducing agent. It reduces not only 
all^ oxides which are decomposed by hydrogen, but likewise, at a white heat, 
oxides whioh are not reduced by hydrogen, e.g., OKs,ONas (S^* 28). 



* Some illustrations of chemical chances are used in this chapter with which 
the student has not yet become acquainteX They will be explained in the second 
part of the book. 
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An element or group of elements, can displace another element or group of 
dements, with formation of salts ; as when an acid is made to act upon different 
metals, e.g, , — 

2HC1 -f Zn » H9 + ZnCly (Exp. 2). 
SOsHos + Fo «= Hs •»- BOjEco'' (Exp. 2). 

or wlien silicic anhydride is fused with potassic carbonate or nitre : — 

COE03 + Si02 ^ SiOKoa + CO, (Exp. 92). 
21f02Eo + SiO, <= SiOKos + lfa04 4- O (Exp. 93). 

The more yolatile acid, as a rule, is driven out or displaced by the less volatile 
body, e^. :— 

8O2K03 + BaOs » 8O3 + 2BOK0 (Chap. xyii). 
By far the most important are the chemical changes which are produced. 

Matter undergoes^ lastly^ a chemical change — 

IT. WI16II m, mntaal exehanve of elements or vroiips of elemenU In 

two or more bodies takes place. 

These ore often designated changes by double tfecomposition. A great 
number of chemical bodies originate in an exchange of this kind. 
It enables us, for instance, to convert — 
a. Chlorides into hydrateSf by the action of water or alkaline hydrates, e.g. : — 

FOla + 3OH3 « FOHHoa + 3HC1. 
Phosphorous Phosphorous 

trichloride. acid. 

CuClf + 2NaHo => CaHos + 2NaCl. 

h. Oxides or hydrates into chlorides^ by the action of hydrochloric acid, e.g. : — 

CuO + 2HCJ1 « CuClj + OH2 (Exp. 5^). 
NaHo -f HCl -:= NaOl + OH2 (Exp. 69). 

0. Sulphides into oxides, by the action of water (steam), e.g, i — 

FeS + OHs » FeO + SH,. 

c2. Oxides or hgdrates into sulphides^ by means of sulphuretted hydro- 
gen, e.g, :— 

FbO + SH9 = FbS + OHj (Exp. 43). 
FeHo, + SH, « FeS + 20Ha (Exp. 43). 

r. Sulphides into Chlorides, by means of hydrochloric acid, e.g, i — 

ZnS + 2nci » ZnCls + SH, (Exp. 42). 

/. Chlorides into Sulphides, by the action of sulphuretted hydrogen, e,g. , — 

HjTCla + SHj - Mtfi + 2Ha (Exp. 43). 

On addmg an acid to a solution of a salt, a mutual exchange takes place, 
which is frequently imperceptible to the eye, or is indicated only by a change in 
the colour ox the liquid. 

a. A solution of If O2K0, when treated with dilute 8O2H03, shows no signs 
of decomposition ; but en evaporation, SO0K02 crystsUifes out, it being less 
soluble than IfO^Ko. Nitric acid, on the other hand, is capable of decom* 
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poting potassio BulphatOi piorided the evaporation be oonduoted at a sufficiently 
low temperature (0'*0.)>at which IfOjEo is less soluble than SOsKog. 

On adding a solution of hjdrodilorio acid to a solution of cupric sulpliate, the 
partial exchange expressed by the equation-^ 

SOjCuo" + 2HC1 = CuCla + SO2H02, 

is merely marked by a change of colour, from light blue (tiio oolour of a solution 
of SOs Cuo"), to green (the oolour of CaOls). 

b. The acid which is added forms with the base of certain salta a scarcely 
soluble compound, which is not precipitated from a dilute solution, e.^* :— 

(KOj)2pbo" + 2H01 = PbOla + 21IOsHo. 

Soluble in 
much water. 

6, A tolatiU acid (or anhydride) is evolyed, either at the ordinary temperature 
or on the application of heat, e.g. : — 

NaCl + SOaHoa « HCl + SOjHoNao (JExp. 66). 

VOaKao + SOsHos « VOsHo + SOsHoNao (Exp. 66). 

dSOsKaos + 2POH03 == SSOgHos + 2PONao8 (Chap. xyi). 

COOao" + 2H01 =• 00a + CaClj + Ofla (Exp. 61). 

CaFs + SOaHoa » 2HF + SO,Cao^ 

SOKaoa -f- SO3H03 » SO3 + SOtNaoa + OH, (Chap.xiii). 

d. The acid is liberated from the salt and is nearly ituoluhle in water (no 
change may possibly be observed in dilute solutions), e^. : — 

SiONaOs + 2HC1 + OHa » 8iHo4 + 2NaCl (Exp. 91). 
SiONao, + BO.H0, -h OH3 » SiHo4 + SOaNaoj. 
8405Naoa + 2HC1 + OHa » 4BOHo + 2NaCl (Exp. 86). 

e, A precipiiaie is produced, owing to the insolubility of one of the groups of 
elements (produced by a mutual exchange between salt and acid), e^. : — 

BaCla + 8O2H02 » SOaBao'' + 2HC1. 

Insoluble in 

water and 

acids. 

KOaAgo + HCl *= AgCl + K OaHo. 
SOfA«>t + SHCl « 2Aga + SOaHoa. 
(W 02)aPbo'' + SO2H02 = SOaPbo" + 2KOaHo. 

A similar exchange of elements frequently takes place when a solution of 
one salt is added to a solution of another salt, e.g. : — 



iCla + SO2K0J = SOjBao" + 2KC1. 

If OaAgo + l^aCl == AgCl + If OaNao. 

gfOa)2Pbo" + qONao2 = COPbo" + 2If O-Nao. 
OjBao" + CONaoa = COBao"* + SOjNaoa. 

The mutual exchange of elements between two salts need not necessarily be 
accompanied by the precipitation of a group of elements ; it frequently suffices 
if the new compoundbe rendered less soluble than either of the two 
salts which were mixed together, e.g., 

A solution of KCl and N OaNao when evaporated at a low temperature, 
yields the two salts imchanged ; KCl crystallises out first. But on boiling the 



* By fusion with fusion-mixture, or by long-continued boiling with alkaline 
carbonates. 
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solution of the two salts, NaCl cxystallisos out, and If O3E0 remains in solution, 
being more soluble than NaCl (oomp. Chap. xx). On drawing off the boiling 
solution from the crystallised NaCl, potaasic nitrate ciystallises out on cooling. 

Then, again, on mixing solutions of NaCl and SO^Mgo'^ it is impossible to 
say how the acids and bases remain combined. Thej may exist 

Ist, as NaCl and SOaMgo'', 

2nd, as MflTds and SOsNao,, 

8rd, as NaCl, XgrCls, SOsNao,, SOsMgo" ; 

but on eraporatingthe solution abore 15* C, NaCl crystallises out first (being the 
least soluble of the aboTC salts at this temperature), and SOjMgo'' next, mixed 
with a little NaCl. When evaporated at a lower temperature, e.^., at 0* C, 
SOsNaO} (being the least soluble at this low temperature) crystallises out first, 
and leayes SKgOlj in solution. 

Heat promotes the exchange of elements between two salts of different acids 
and bases : e.g.^ 

, 2AmCl + COCao'' « CaCl2 A- COAmos. 

The change is owing to the volatile nature of ammonia carbonatei 

SO2E03 + 2AmCl » 80sAm02 + 2KC1. 

These decompositions are frequently the reverse of the reactions which take place 
in the cold, between the solutions of two salts, e.g,^ 

CaCla + COAmoj « COCao'' + 2AmCl. 

owing to the insolubility of the calcic carbonate. 

Heat promotes likewise the formation of double silicates and borates, fluorides 
and chlorides. These compounds are frequently broken up again on being dis- 
solved in water, the original salts being producea. 

For purposes of reference, the fonr different changes jnst enume- 
rated maj be indicated by employing the bracketed letters — 

(G) standing for Change I, i.e., Comliliiatioii. 

(B) „ „ II, t.6., Resolntloii. 

(D) „ „ in, i.e., DUplaceineiit. 

(DD) ,, „ ly, t.e., Double Decomposicioii. 



PART II. 



A COURSE OF QUALITATIVE CHEMICAL 

ANALYSIS. 






Chaftbs I. 

DEFINITION OF QUALITATIVB ANALYSIS^XUB<» 
AGENTS. — CHEMICAL OPERATIONS. — GROUP* 
REAGENTS AND SPECIAL REAGENTS. 

Chemical analysis consiBts in the performance of certain experi- 
ments : — ^with the object of pntting, so to speak, certain quesfions 
to a substance, in order to ascertain the presence or absence of 
certain bodies. It is termed quaMtative analysis, if the answer which 
is received reveals merely whai kind of matter is present (from 
qtuiUa), without regard to quantity. It is essential that these 
questions should not be put at random, but according to a well- 
oonsidered, systematic order ; and that the answers should be inter* 
preted correctly. 

We have already seen, that there exists a resemblance between 
certain elementary as well as certain compound bodies ; at the same 
time the metallic, like the non-metallic elements, bear the stamp 
of a marked individuality which renders every classification, from 
whatever point of view we attempt it, more or less difficult — a 
difficuliy which extends likewise to the various compounds which 
the elements form. Thus silver, which is classified (page 60) with 
the monad metals potassium and sodium, differs in a marked manner 
from the alkali metals. Iron, which exists in the dyad form in 

PeCl« (ferrouB chloride), and in the tetrad condition in i p^ri 

(ferric chloride), partakes in the dyad form of the character of the 
iflomorphous dmtomic metals of the magpuesium group, e.g,, man- 
ganese and sine ; and resembles in the tetrad form aluminium and 
chromium. Copper, which in its cupric compounds offers certain 
points of resemblance to the magnesium group, resembles also in 
many respects the metals of the mercury group ;* the general com- 
position of the cuprous and mercurous and the cupric and mercuric 
oxides and chlorides being the same. Inorganic (as well as organic) 
compound bodies bear, for the most part, the impress of the 
elementary bodies which enter into their composition; and com- 
pounds built up of elements which have equal numbers of bonds, 
frequently show a certain analogy in their structure as well as a 
considerable similariiy in their reactions. In studying the chemical 
changes to which the various bodies — elementary or compound — 
can be submitted, our attention must be mainly directed towards 
discovering and defining this similarity and dissimilarity, 

* EL Worts, Le9ons do Fhilosophie chimique, p. 170. 

K 2 
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We employ recLgewU^ as the means of producing chemical 
changes. By reagents are meant bodies — either elementary or 
compound — ^which are capable of reacting upon and revealing to us 
the nature of the substances under examination. They are usually 
divided, without any strict line of demarcation, into two classes ; 
viz., general and special reagents, Greneral reagents are those which 
separate a number of substances — groups in fact — at one operation ; 
and special reagents those which are used to a limited extent only, 
and for the detection of individual substances. 

In a laboratory the general reagents are most conveniently 
arranged over the working table within reach of each operator ; 
whilst the special reagents intended for the use of a number of 
chemical students, are usually placed in a freely accessible part of 
the laboratory, 

A list of reagents, as well as directions for their preparation, 
will be found in the Appendix. Chemical students who have not 
the advantage of working in a well appointed laboratory, should 
devote much attention and care to the preparation of the reagents. 

Chemical Operations. — ^We add a rea^eiit to a Bolution of an unbiown 
body either by pouring it directly from the bottle, or by running it from a pipette, as 

shoTm in Fig. 70, with the view of producing 
a precipitate ;t i.e., of conTerting the body 
fit)m the soluble to the insoluble state. The 
reaction which takes place is mostly a 
change by double decompoeition. Sometimes 
a precipitation is produced by voltaic ac- 
tion, sometimes merely by the substitution 
of one solvent for another. One or more 
bodies may be precipitated by one and the 
same reagent. As most precipitates are 
heavier than the liquid in which they are 
suspended, they fall to the bottom with 
more or less rapidity ; and the supernatant 
liquid may often be poured offer decanted* 
without much disturbing the precipitate. 
This mode of separating fluids from preci- 
pitates is by far the most expeditious, and 
5iould be resorted to whenever it is appli- 
cable. The precipitate may be washed in 
the vessel itself by treatment with hot water 
and repeated decantation. 

When a large quantity of a fluid has to 
be removed from a precipitate, it is best 
to siphon off the supernatant fluid. The 
precipitate may be washed with water, and 
the wash- water siphoned off repeatedly. 

Small quantities of a precipitate which 
do not subside readily are more quickly 
separated by nitration. For this puri)08e 
ftannelB are used, mostly of glass, conical 
in shape, and inclined at an angle of 60*. 
They may be conveniently supported on a 
wooden stand, Fig. 71, or an iron or brass 




Fzo. 70. 



"^ 




T^ 




Fio. 71. 



• Oomp. Chapter III, Parti. 



t Comp. Chapter VII, Part I. 
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■ ataBA M ■een in Fig. ?2. The HlMriiii' vaver (honld be ponnu and 
uiuiied, and cut in the form of a round BheeC, wliich bf being folded tvioe tn 
the ■hape of a qnBdrant, forma, on opening up, a paper cone, at an angle of 
60°. 'fho lIlMr ahould eiactlj fit the funnel, irithout reaching quite to the 
rim, and should be moistened in the funnel vith distilled vater before any 
liquid ii poured through it. As moat kinds of filteriog paper ooutain traces of 
iron, lime, rilica, etc., — with the eicoption of the so-colled Swedish filtering 
paper, which contains scarcelj peroeptible traces of mineral substances, — acid 
liquids firequentlj disaolTe out traces of these bodies. In all accuiste BnBljges the 
fillering paper should, on this account, be washed first with dilute hjdrocbloiio 
or nitnc acid, and then with hot water, before being used ; or else Swedish fllt«r 
paper onl; should be employed. 

Most predpitatn retain with great pertinacity traces of the fluid in which 
tlur; were suspended, and it is therefore of the utmost importance to t^ronghlj 
wash them, in order to obtain accurate 
FMultB. For this pitrpOH a wBsk.Iisttle 
(Fig. 72) is employed, whereby a fine jet 
of hot or cold distilled water can be di- 
rected on tji the filter in such a manner as 
n and detach the precipitate fi 






The liquid should at no time 



hare a tendency to creep up and 
between the paper and the glass, and are 
carried into the Illtrkta. This would 
entail repeated filtration. The washing 
of a precipitate on the filter is efTected 
nuat rapicQy by allowing the waah-water 
to run off entirelj each tune before adding 
f^esh quantities of distilled water. By re- 
peating this four or fire times, most pre- 
cipitates will be bund sufficiently waihed Fia. 12. 
for qualitative purposes. 

The student should guard himself against using too lo^e a quantity of the 
■nbstance which he wishea to examine. Heavy precipitates entail much washing, 
an operation which is moot tedious and yet indispensable. 

Test tnllM answer the purposes of precipitation and separation in qnalit*- 
tire analysis, especially as there is generally no need for collecting the wash-water 
or adding it to the main filtrate. These tubes are conveniently placed in a teat* 
t«k« atUltf (Fig. 73). After being well cleansed by the aid of a test-tube 
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Fio. 74. 



bnuh,«id riAaed oili fvMi dkliiltd WAter, they should be set aside to dieiB 1& % 

Uekei. 

BeaJcere are eometimei employed if an analynt i&?olTM the aepantion of a 

■mall qoantity of one eubetanoe finom a Urge amount of another^ and when, of 

neoeiaity, large quantities of the substance must be operated upon. 

ForeeUdn tflahes aie employed for the purpose of oonoentration, or evapora*> 

tftoH and ignition. They can be heated either by means of a spirit laoip 

(Fig. 74), or a so-called Beraellias iaaip (Fig. 75)» 
or, where coal gas can be procured, by means of a 
Bnsseii Kfts laaiPt prorided with a rose top, as 
was shown in Fig. 12. Sometimes a sheet of iron 
wire gauze or a sand-bath ia interposed between 
the poroeiain ressel and the gas flame, and is sup- 
ported on a retort ring or tripod stand. A con- 
venient tripod sttfmort for poroeiain and glass 
yesselfl is shewn in Figs. 80 and 41, which presents 
at the same time the flame from being blown 
about. 

If soHd substances have to be examined, tiiey 
should always be pawtf creA in a aiortar — an 
agate uMntar should be employed for hard sub- 
stances, such as minersJs— beibie being diseolFed in 
water, aoids, etc 

Beactions inTolving tlie vse of yaloable r^ 
agents — such as salts of gold, platinum, sUyer-^ 
should be performed on w»teli«(ilasa«Sy with 
small quantities of the subetanoe only. 

For the Isaitlim of preoipitaees we employ 
mostly porcelain crucibles, or naaaH porouain 
dishes. 

A knowledge of qvalitative amJjBiB 
enables ns — 

1. To recognize tmik speed and certainty 
the presence of vofH/ous elementary 
and compound bodies, 

2. To effect their separation from each 
other, 

Fio. 76. In order to accomplish this we shall 

study more particnlarl j those chemical re- 
actions — both in the dry and in the wet way — ^which are essential ; 
but shall endeavour, at tne same time, to give as complete a view 
as possible of other chemical changes which serve the purposes of 
qualitative analysis, and which on this and other grounds possess 
considerable interest. 

We shall confine ourselves to lihe stadj of the 36 most im- 
portant elements a&d their compounds. 

There are oertatn reagents which effect the separation of a num- 
ber of bodies contained in a common solution leaving all the others 
in solution. Such general reagents are then called group-reagents, 

Dissolye in water smaU quantities of 

Ajgeiliic nitrate* 




* Solutions of sails of the diiferent metals containing fire milligrammes of the 
metal in a cubic centimetre are conreniently prepared and kept for use. 



SBPASA^nON INTO GBOOTS. 
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Cuprio nitrate. 
Coboltio 
Baric 
Potassio 
To the solution add — 

HCl, a wkiie eurdjf TOeoipitate is obtained, wfcioh oonaiflta of wrscntle 
ckl«rt«e, AgCl ; filter. To the filtrate add— 

SHs, a bladk precipitate is obtained oonsisting of ei^rte aiilpklde, OuS i 
filter again, and to the filtrate add— 
AmCl, 1 

AmHo, I A hlack precipitate comes down oonsuting of oolMatous svlpkMe, 
and [ OoS s filter, and to the filtrate add— 

OOAmos, a white precipitate is obtained, ceasieting of barfte «urlNniate, 
OOBao'^; filter, evaporate the filtrate and ignite to drive off the ammonio salts. 
A white saline residue is left, containing p«UuMie nitrate. 

What were the chemical changes that took place P 
The changes were eyidentlj produced by the mutwd eaochange of 
elements in two bodies (changes by double decomposition) : t.6., the 
hydrochloric acid added in Group L to the solution of the metallic 
nitrates, exchanged its hydrogen for the silver of the argentic nitrate ; 
and the sulphuredbted hydrogen exchanged its hydrogen for th^ metal 
copper, leaving nitric acid and cupric sulphide, etc. 

The reactions miky be ^jpressei} by the fd^owing equations : — 



VO,Ago 

Azgentie 
nitrate. 

Oupric 
nitrate. 

Cobaltous 
nitrate. 

Banc 
nitrate. 



HOI 



8H, 



SAms *» 



dOAmoi 



AgOl w- 
Argentio 
^oride. 


MO^o. 


<hlS* + 


2MOsHo. 


Ouprio 
Bulpnide. 




OoS + 


2MO»Amo. 


Oobaltoue 
sulphide. 




COBiu/' -^ 


SMQsAxno. 


Baric 
carbonate. 





Silver, copper, oobfldt, and potassium are, however, not the only 
metals which might have been separated by these same reagents. 

The following table exhibita the five groups into which all 
metallic bodies dassify themselves on the addition of the several 
g^roup-reagents. 



• It 18 inunaterial whether we write 80a or.OvS, sinoe both snlpliar and 
copper are dyad elements. 
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anjllyxioal table. 
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Thus far ^otip-reagents assist us in separating bodies, bnt when, 
as in Qroap lY, the white precipitate produced by the group- 
reagent, COAmos, leaves us still in doubt whether a barium, stron- 
dium, or calcium compound was present in the solution, fturther 
experiments must evidently be made with a view of completely 
identifying the substance under examination. This the student 
will only be able to do by making himself first practically familiar 
with the different changes or reactions which the members of the 
various groups of metals can be made to undergo : and after under- 
standing the use of the group-reagents, he should direct his atten* 
tion to the special reactions which distinguish cmd sepa/rate one 
metal from another or from several others. This may frequently be 
done in more than one way ; one reaction, however, as a rule, de- 
serves the preference over others, on account of the greater exactness 
which distinguishes it, or on account of increased facility of execu- 
tion, or of both. 

Certain reactions, lastly, will have to be studied, which are not 
directly available for the separation of the members of a group from 
each other, but to which considerable interest is attached as being 
illustrative of some valuable property or other of the metals. 

The tabular form, which is, no doubt, the most compact and 
summary mode of arranging chemical reactions, will oflen be adopted, 
for embodying such reliable and expeditious methods of separation 
as have stood the test of experience in the laboratory. The direc- 
tions given will be concise and divested of all explanatory matter. 
On no account should a student use any tabular directions, how- 
ever, without first having made himself practically acquainted with 
the details of the reactions ; and to counteract any pemicous influ- 
ence which the use of tables might have, the student should learn 
to draw up tables for the several other processes of separation which 
are frequently possible. 

A deviation from the natural course of studying the reactions of 
the metals by beginning with Qroup I, and so on, will be justified 
on the ground of greater simplicity, and on account of the far 
greater importance which is attached to the metals of Group V, 
especially uie alkali metals. Experience has shown that students 
have less difficulty in mastering the reactions by reversing the order 
of the groups, beginning with the study of the alkali and alkaline- 
earthy metals ; and that a thorough knowledge of the metals of these 
groups is of material assistance in understanding the qualitative 
changes to which the metals proper are subjected. 



Ghafteb II. 

REACTIONS OF THE METALS OF GROUP V. 

This group comprises the metals potassium, sodium, ammonium, and 
MAGNESIUM, whidi are not precipitated by any group-reagent. 
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1. POTASSIXTMj EL — Occurs in nakcre only in a few minerals, 
of which nitre or sal^etre is the most important. Potassinm is 
present in larger or smaller quantities in a few silicates and snl- 
phateSy such as felspar, aJ/unuione. It is aJso found in the ashes of 
plants (crude potashes), and in the form of chloride in saline deposits 
(at Stassfurth, in Prussia, and elsewhere). 

BEACTIONS IN THE DBT WAY. 

Potassium compounds, when heated on platinum wire in the 

inner flame'of the blowpipe impart a Ttolet eeHmup to the outer flame. 

ThiB applies more pwrticxxlarlY to potaasio salts which are volatile without 
deoompodtion at a yeir strong heat (such as potassio chloridei bromide, and 
iodide; or which are oeoomposed by heat; but not to non-volatile potassic 
salts, such as phosphates or borates, which give scarcely any flame reaction. The 
presence of sodiiun compounds gives rise to an intense golden yeUow flame, and 
oonceals the potassium reaction ; but when seen through a blue glaos, or indigo- 
prism, the yellow or sodium flame is entirely cut off, and the potassium flame 
Pfr!T»»<»« diatinctly liaibla, and is then of a WcA reddish-vkdet colour. 

EEACnONS IN THE WET WAT. 

We bmplot a solution of potassic chloeidb, KCl. 

TtCU (platlnle cblorlde) precipitates from potassic solutions 
which are not too dilute, a yellow crystalline precipitate of potassle 
platlnle cblorUle, 2KC1, PtCU, insoluble* in alcohol and ether, as 
well as in acids. 

{OOHo 
Q HH o (Tartarle add) precipitates whUe crystalline liydrle pstassle 
OHHo . rOOEo 

' < Q-Q^ » ^m neutral and sufficiently concentrated 

LgOHo 
solutions. The precipitate settles rapidly, especially on shaking or stirrinff. 

2HF, SlP^i (hydroflaoalUclc add) gives a toMte yelaHmms prwa^pdtibe of 
potasBlc Blllcollaorlde, 2KF, SiFf. 

Potassic salts are for the most part soluble in water, hence so 
few reactions ; the hydrate and carbonate constitute two important 
reagents, on account of the great af^nitj which the power^ base 
potassa possesses for the acids with which the metals of other groups 
may be combined. 

2. BODIUM, Na. — Occurs in nature in vast masses, as rock salt, 
NaCl ; as cabbonate, in native soda, CONaoi, lOOHs, and in troiui, 
CONaoj, 2COHoNao,30H3 ; as nitbate, in cubic nitre, or Chili saU- 
petre, NOaNao ; as sulphate or gla/uber salt, S02Nao2, lOOHa ; as hiho- 

rafe, BiOsNaoa, lOOH,; as ghmberite, 2q KosCao", and as cry o7ife, 

6NaF, AlsFe, and in many silicates, of which alUte may be taken 

* The degree <xf solafaililj of a precipitate m i^reir^ loedia am only be 
ascertained by laborious quantiUUive experiments. The student will thero- 
fore be expected to verify only those statements respecting the solubility of the 
precipitates which require no quantitative Imowledge. 
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as the representatiye. All natural sodiam compounds, with the 
exoeption of the last two mineirals are soluUe in water. 

REACTIONS IN THE DBT WAT. 

We almost exclnsiTelj rely for the detection of sodium i^>oa 
the charaoteristio ooloar — an intense velAen yelliiw — which its oom« 
pounds impart to the outer flame of the blowpipe. Some sodio 
salts are readily recognized by their characteristic taste, especially 
rock salt and cubic nitre. 

BEACTIONS IN THE WKT WAT. 

We employ a solution of some chlobidc, KaOL 

Sodic BsAtB are eyen more freely soluble than potaesic salts, 
and platinic chloride or tartaric acid giye no precipitates. Hydro- 
fluosilicic acid giyes a gelatinous precipitate from concentrated solu- 
tions 01^. 

a^OsKo (petawie flMtanMmsatate) produoes a fokite erydalUme m- 
«pitate of aatfie ateteitlBiMatete, from neatxal or alkaline solutioBi, if tnej 
aro not too dilute. The precipitate is iiuolnble in aloohoL (The solution should 
only contain alkali metals.) 

Sodio hydrate and sodic carbonate act in eyery respect like 
potassic hydrate or carbonate. Pure sodic hydrate is now prepared 
m)m the metal sodium, and deseryee the preference oyer potassic 
hydrate.* 



3. AMMONIT71L— Am = ITEU (oomp. Chap. XY, Part I). 

BBACnONS IN THE DET WAT. 

Amnionic salts, when heated in a test-tube, yelattllEe, either 
entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia, NH^. Salts of ammonium with yolatile acids 
can be yolatilioed^ either with decomposition, such as the nitrate, 
nitrite, sulphate; or without decomposition, such as the chloride, 
bromide, iodide : the latter salts condense again unchanged ; they eub- 
Umey and are found in the upper part of the test tube. 

BEACnONS IN THE WET WAT. 

We employ a solution of ahmonic chloride, AmCl. 

PtCU produces a heavy yellow precipitate of amnuiBle iMat^lnle 
eUerlde, 2AmGl, VtCU. The precipitate is soluble in much water 
(hence there appears no precipitate from dilute ammonic solutions) ; 
but insoluble in alcobol and ether. Ammonic platinic chloride 
leayes on ignition only spongy platinum. (Distinction from 
Potassic Platinic Chloride, which leayes spongy platinum and 
potassic chloride, Pt + 2KG1). 

* The student should make himself quite funiliar with the properties of the 
Tarious salts (^ potassium and sodium, also with the interesting processes of 
manu&cturing sodio carhonate from the chloride ; sodio silicate (wUer-fflats) ; 
potassic chlorate, Ac., fte. 
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{OOHo 
OSHo 
OHHo (^*'^'^® AeM) prodnoeB fxomaoonoentnted solution of ammonie 
OOHo 
chloride a white cryHalUns precipitate of hydrte anuiisiile tartrate, resembling 
the potaennm precipitate in its properties. The two precipitates are readily distin- 
fpisned on ignition. ^Hydric potassic tartrate leaves a carbonaceous residue, which 
IS stronglj alkaline, ana dissolyes in water (potassio carbonate) ; the other leares 
merely a residue of carbon, devoid of any alkaline reaction. 

Ammonie salts are decomposed with evolution of ammonia gas 
when heated with a hydrate of an alkali (E[Ho,NaHo), or alkaUne 
earthy metal (BaHo,,CaHos), thus : — 

2AmCl + CaHo, = 2NH, + CaCl, + 20H,. 

Ammonia gas is readily recognized, 1st, bj its pungent odour ; 
2nd, by its turning red litmus papery moistened with a drop of dis- 
tilled water, bhie ; 3rd, by its combining wUh the vapour of volatile 
adds (snch as hydrochloric acid), to form white fiimes (AmCl). 

Nessler^s test* for traces of ammonia. — ^If a potassic solntion of 
potassic mercuric iodide, 2KI, Bgis, be added to a fluid containing 
mere traces of ammonia or of an ammonie salt, a brown precipitate 
of dimercurammonie iodide or yellow to brown coloraiion is pro- 
duced, according to the quantity of the ammonium compound 
present — 

2(2KI,a[gI,) + 3KHo + NH4H0 = NHg"2l,OH, + 7KI + 30H,. 

Brown pp. 

Ammonie hydrate and carbonate, as well as various other am- 
monium compounds, e.^., ammonie chloride, are among the most 
useful reagents which we possess. 

QUESTIONS AND EXEBCISES. 

1. Mention some natural compounds in which potassium occurs. 

2. How are potassium compotmds recognized in the wet way P 

8. How can potassium and sodium compounds be distinguished before the 
blowpipe flame ? 

4. State how you would ascertain whether the yellow precipitate produced by 

platinic chloride indicates the presence of a salt of ammonium or potas- 
sium, or of both. 

5. How can hydric potassic tartrate be distinguished from hydrio amnionic 

tartrate? 

6. How can sodium compounds be recognized in the wet way P 

7. Which sodic salts are found natire ? 

8. What changes do the following ammonie salts undergo upon ignition :— 

ammonie chloride, ammonie nitrate, ammonie nitrite, ammonie phosphate, 
POAmog, ammonie carbonate, OOAmoj, ammonie iodide ? 

9. How is spongy platinum prepared P 

10. How would you test for mere traces of ammonia P 

11. How much spongy platinum is obtained from 2*846 grms. of ammonie 

platinic chloride P 



* For the preparation of Nessler's solution, see Appendix. 
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12. How much dry ammonia sas by volume (Hires) and weight can be obtained 
by dirtilkhW with o^hjinte from 6 gnL. of amSiomo chloride f 

18. How would YOU examine a mixture containing ammonic chloride and potaasic 
chloride r 

14. 2 grmB. of the mixed chlorides of potassium and sodium gare by precipitation 

with platinic chloride 3.671 grms. of potassic platinic chloride, 2KC1, 
PtCI^ ; what is the percentage of potassium and sodium in the mixed 
chlorides ? 

15. A mixture of 1*6 erm. of sodic and ammonic chloride lost on ignition *284 

grm. ; what is ttie percentage of ammonic and sodic chloride present in 
the mixture ? 

16. Calculate the percentage composition of borax. 

4. MAONESIITM, Mg.— Occurs in nature as oxide, in the 
mineral i^erie^o^e, lIKgO; as htdbatb in hrucite, BKgHoa; as carbonate 
mmoffnesite, COMgo", and in hydromagnesite, CsOHo2Mgo"4,30Hs ; 

CO 

as DOUBLE CABBONATE in dolomite, ^^Cao"Mgo", and mesiUne apavy 

CO 

^)\Mfto"¥eo" ; as sulphate in epsonUte, SOHoaMgo",60Ha; as phos- 

PHATE in wdgnerite, lPaOaMgo"a2 ( -pMg" J; as silicate in peridote^ 

SiMgo"s, msioMte, SiOMgo", steatite, SliOsMgo",, talc, SiftOeMgo'^, 

Berpentine, SlTT^M^"^^ '» meer^c^itm, SlsOaHOiMgo"! and in 

diopddey S-QGao"Mgo"; and lastly, as bobate in horaoUe, BgOgMgo"!. 

BEACTIONS IN THE DBT WAT. 

The most characteristic reaction for magnesia in the dry way is 
the pale rose colour which this alkaline earth acquires on moistening 
with cobaltous nitrate, and then igniting it once more strongly on 

charcoal. 

This colour can, howerer, only be relied on when no other metallic oxides are 
present ; and as magnesium does not colour the outer blowpipe flame, recourse 
must almost invariaDly be had to the reactions in the wet way. Ignition of the 
sulphate on charcoal in the reducing flame yields the sulphide, XgS. Prolonged 
ignition of the carbonate yields caustic magnesia, BIgO, which is ahnost insoluble 
in water. 

REACTIONS IN THE WET WAT. 

For this purpose a solution op maqnesic chloride, BKgClf, op 
MAGNBSic SULPHATE, SOaMgo", is employed. 

Magnesia is not precipitated by ammonia in the presence of am- 
monic chloride, because it forms a soluble double chloride^ 2AmCl, 
BKgGlfl. In the absence of ammonic chloride, half the magnesia is 
precipitated as hydrate, lIKgHos, thus : — 

2MgCla + 2AmHo = MgHo, + 2AmCl,MKCl,. 

Soluble double diloride. 



In the presence of ammonic chloride the magnesic hydrate is at 
^^^ decomposed into magnesic chloride (MgHoa + 2AmCl = 
MgClj + 2AmHo), and no precipitation takes place, nor is the 



once 
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double oUoride precipitated by ainmoiiic, sodio or potassio car- 
bonate. Hence magnesium cannot be precipitated in Qronps III 
and TV, provided a sufficient amount of ammonie chloride he pre* 
sent. 

Potassio, sodio, calcic and baric hydrate precipitate white 
nuLgnesie hydrate, insolnble in water. Ammonie chloride, as well 
as other ammonie salts, dissolve it readily, or if originally present^ 
prevent its formation. 

Sulphuric, hydrofluosilicic and oxalic acid, < cOKo* form soluble 

magnesic salts. 

IPOHoNaoi (hyftrtc tfisodle phssplimtc), precipitates hyftrle 
■lainiMle phosphate, POHoMgo". 

The precipitation is complete in the presence of ammonie chloride 
and ammonia. lPOAmoMgo",6Aq, amminile MasnMle phosphate^ 
falls as a white crystaUiiis precipitate. The separation from a 
dilute solution of a magnesic salt is promoted by gentle heat, and 
by stirring with a glass rod. The precipitate is but slightly soluble 
in water and ammonie salts. In water containing ammonia it is 
practically insoluble. Dilute mineral acids dissolve it as well as 
acetic acid. From very dilute solutions the precipitate separates 
only on standing for about 24 hours in a warm place. 

On heating magnesic chloride, BKgCls, with precipitated mercuric oxide, SgO, 
the chloride U converted Into oxide, mercuric chloride, S^2i heinff 
Tolatilized. This experiment must be conducted in a cupboard which is providea 
with a good indraught of air, and is in connection with a chimney flue. 

Methods for the recognition of Mg, K, Na, and Am will readily 
suggest themselves, if we bear in mind — 

1st. The volatility of ammonie salts (phosphates and borates 

excepted). 
2nd. The insolubility of BKgHos in waler, 
3rd. The insohibUiiy of 2KCl,PtGl4 in alcohol, 
4th. The intense yellow coloration which sodium imparts to the 

blowpipe flame. 

A solution containing salts of Mg,'K, Na, and Am, maybe 
examined as follows : — 

1st. Heat a portion with NaHo ; ammonia gas is given off, which is recognized 
by its pungent odour, etc. — ^presence of Am. 

2nd. To a second portion add AmCl, AmHo, and POHoNaO], a whiie crystaUms 
precipitate indicates the preaenee of Biff. 

Srd. Evaporate a third portion to dryness and ignite strong^ly. Extract with 
hot water, and add BaHo2, till the whole of the Mg is precipitated as 
XgHoj ; filter. To the filtrate add GOAmoj, as long as a precipitate is 
produced, and filter again. Evaporate the filtrate to dryness, ana ignite 
strongly to expel ammonie salts. Dissolve the residue in a little water, 
filter off a trace of XgO (if any), and test filtrate for K by means of PtCU s 
a yellato crystalline precipitate — presence of K, and for Na by heating 
on a platinum wire before^the blowpipe flame j a goldei^ yellow flame 
indicates the presenee of 
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QUSSnOKS Am) bxbboises. 

1. How is magnesio sulphate prepared — Ist, itom magnetUei 2nd« from 

doUmUet 

2. Whioh are the most important magnesium minerals P Giye eonstitutional 

and graphic formuls. 
8. How is magnesium detected in the dry way ? 
4« Explain the action which ammonia, potassio hydrate, and sodio carbonate 

haye upon solutions of magnesio salts in the presence of ammonio salts, 

and also without them. 

5. How is maffnesic hydrate obtained from soluble magnesio salts? 

6. Describe fmly the most chataoteristio reaction for magnesio salts in the wet 

wa^. 

7. Hiow IS magnesio chloride conyerted into oxide in the dry way ? 

8. How is maffnesium separated from potassium and sodiimi P 

9. Cfdoulate the percentage composition of magnetite and eptomiie, 

10. How much crystallised magnesio sulphate, SOHojMgo'^eOHs, can be pre> 
pared from one ton of pure mag/netiie P 



Chafteb m. 

BSACTIONS OF THX METALS OF GROUP IV. 

This gronp comprises the metals barium, stbontium, calcium, which 
are precipitated by ammonic carbonate frx)m an ammoniacal solution 
in the presence oi ammonic chloride. The latter prevents the pre- 
cipitation of magnesitim (if present in sufficient quantities). 



1. BARluM, Ba. — Occurs in nature chiefly in the form of heavy 
spatf SOfBao", and as vntherite, COBao". 

fiXAcnoirs in ths d&t wat. 

Barium compounds, when heated on platinum wire in tbe inner 
blowpipe flame, impart a yeUawlsli green oolour to the outer 
flame. 

HeaTj spar heated on charcoal in the reducing flame U reduced to bario 
lulphide, BaS, which fuses readily. This reaction is made use of to prepare, on 
a manufacturing scale, soluble baric salts from tiie sulphate. Bario curbonate 
is decomposed only hj ignition to a strong wbite heat. 

BIACriOKS IN THE WET WAT* 

Baric salts are obtained hj dissolying the native carbonate or 
vntherite in acids.* Heavy spar is attacked by alkaline carbonates 
at a high temperature. By mixing on a small scale finely powdered 
baric sulphate with three to four times its weight of fusion mixture 

* Dilute acids (HCl or MO2H0) should be employed, as the baric chloride 
and baric nitrate, "which result from the action of these acids iq>on witherite, are 
insoluble in the concentrated acids. 
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and heating in a platinum cradble over a gas flame, it is oonvertod 
into baric carbonate, thus : — 

2SO,Bao" + CONacCOKo, = 2C06ao" + SONao„SO,Ko,. 

Inaol. in water. Soluble in water. 

On extracting the fnsed mass with hot water and filtering, 
COBao" is left, finom which, by the addition of the respectiye acids, 
small quantities of the different baric salts can be prepared. 

The same applies to celestine, SOtSro". 

A SOLUTION OF BARIC CHLORIDE, BaCU, is employed. 

COAmoi (sronp-reasent) precipitates white ^arle carboiiate, 
COBao", solnble with decomposition in acids ; somewhat soluble in 
ammonic chloride. With carbonic acid it forms a soluble acid car- 
bonate or dihydric dicarbonate, CsOsHotBao", but is reprecipitated 
on boiling with evolution of carbonic anhydride. 

CONaoi and COKot, same precipitate. 

KHo and NaHo giye £rom oonoentrated Bolutions a voluminous precipitate of 
%arie hyArate, BaHos, soluble in water. A solution of the hydrate in water 
IB known as beMyta-water, It possesses a strong i^TlmlmA reaction, and great 
affinity for carbonic anhydride. 

AmHo gives no precipitate. 

SOflHos, as well as all aoluMe solpluiteB, precipitate heavy white 
granular ^arle anlphmte, SOsBao", even from very dilute solutions 
of baric salts, insoluble in water, dilute adds and alkalies ; soluble 
in concentrated boiling sulphuric acid, with formation of dihydric 
baric disulphate, SiOiHosBao". The presence of an alkaline citrate 
greatly interferes with its precipitation. Solutions of strontic or 
calcic sulphate (two sulphates which are but slightly soluble in 
water, especially the former), constitute the most delicate test for 
barium.. ^ Baric sulphate is insoluble in ammonic sulphate, SO»Amot. 
— (Distinction of barium from strontium and calcium). 

POHoNaos (hydrle diaodle phosphate) giyes from neutral or alkaline 
solutions a white precipitate of hydiie harle phosphate, POHoBao'', readily 
soluble in dilute nitric, hydrochloric or (icetie acid. Perceptibly soluble in 
ammonic chloride. 

{ OOAmo (^^■■^^^^^^ oxalate) gires from a moderately dilute solution 

of a baric salt a lohile puli>erulent precipitate of harie oxalate, | Sq Bao'', 

soluble in dilute nitric or hydrochloric acid. Soluble also in oxalic and acetic 
acids when freshly precipitated. 

Or09Ko2 (Potassle ehromate) giyes a $/ellow precipitate of harle 
chromate, GrOsBao", readily soluble in nitric, hydrochloric or chromic 
acid (GrOsHo2) — reprecipitated bj ammonia (DiBTnroTiON from btboktittx akd 

CALCnrH WHICH ASE NOT FSEOIFITATED 7B0M DILUTE BOLUTIGNS).' 

2HF,SiF4 (Hydroiinoslllele ael«) gives a white crystalline precipi- 
tate of harle alUcollaoiide, B&Fs,SiF4) which subsides quickly, 
especially upon the addition of an equal bulk of alcohol. It is 
somewhat soluble in water, insoluble in alcohol and dilute acids. 
(Distinction of baric fbom strontic and calcic salts, which gitb 
NO precipitate.) 
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Barinm, in baric peroxide, is combined with two atoms of oxygen, 
which are linked to the metal bj one of their bonds only, the 
other bonds being linked together. Ba/ric peroxide is a powerful 
oxidising agent. It is formed by passing oxygen over baric oxide, 
heated to dnll redness, thus: — 2BaO + 63 = 2BaOs. Heat 
splits it np again into baric oxide and oxygen; and dilute acids 
liberate a molecule of hydroxyl, Hd, thus: — BaOs + 2HC1 = 

Bad, + Ho,. 

Soluble baric salts, such as baric chloride, nitrate or acetate, 
constitute exceedingly useful reagents for the detection of acids, on 
account of the metal barium forming insoluble salts with most 
acids. 

QUESTIONS AND EXERCISES. 

1. How can baric tnlphate be oonyerted into baric nitrate or chloride ? 

2. Which are the natural compounds of barium ? 

3. Express in symbolic equations the different reactions for barium. 

4. Which are the most delicate reactions for barium ? 

6. How can barium be separated from strontium and calcium ? 

6. 1*235 grm. of wUherite gave *966 grm. of baric sulphate ; what is the percentage 

of barium and of iMirio carbonate in the mineral ? 

7. How is BSq [■ prepared, and what reaction takes plaoe when it is suspended 

in water and treated with carbonic anhydride ? 

8. A sample of heaw tpar contains 96'5 per cent, of pure sulphate. How much 

baric sulphide, and how much banc nitrate can be obtained from 1 owt. 
of the mineral ? 



2. STRONTIUM, Sr".— Occurs in nature as sulphate, in the 
mineral celesUne, SOsSro"; and as cabbonate or strontiamte, COSro'\ 

EXAMINATION IN THE DBY WAT. 

Strontium compounds, when heated on platinum wire in the 
inner flame, colour the outer flame 



CelesHne, heated on charcoal in the reducing flame, is oonyerted into sulphide, 
SrS, from which the chloride may be prepared for blowpipe and other reactions, 
by treating the residue with hydrochloric acid. 

BBACTIONS IN THE WET WAT. 

We use A SOLUTION of stbontic chlobidb, SrCla. 

COAmOfl (vronp-remsent) gives a white precipitate of strontle 
cMlHiiiatc, COSro", less soluble in ammonic chloride than the 
corresponding baric carbonate ; soluble in dilute adds. Carbonic acid 
produces the soluble dihjdric strontic dicarbonate, CaOiHotSro", 
which is decomposed on boiling into normal carbonate, carbonic 
anhydride and water. 

CONaos and COKos, same precipitate. 

SOflHoa, or soluble snlphstM, produces a white precipitate of 
vtrmkUc ralphate, SOsSro". From diltde solutions a precipitate 
appears only after some Ume, Heat assists the precipitation. The 
precipitate dissolves perceptibly in hydrochloric or nitric acid, but 

l 
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IB inBohile in alcohcl. It is insolable also in a oonoentrated solution 
of ammpnio solpbate, SOfAmoi (distinction between btbontium 
AND calcium). 

A solution of strontic sulphate in water predpitates baric salts. 

I OO^^ (Alnmeiile oxalate) precipitates sbrontio salto more readily 

than bario nlta. The ^lUie precipitate of atraatle oxalate, •[ ^qSvo^ is 

readilj soluble in dilute nitric or hydrochloric acid; somewhat soluble in 
ammoxdo chl<n4de s but sparingly soluble in oxalic or acetic acid* 

iiUESTIONS AKB EXEBOISBS. 

1. Which are the principal strontium minerals P 

2. How are strontic chloride and nitrate prepared — ^Ist. from HronHamies 2nd. 

from celeHime ? 
8. "Which are the most characteristic reactions for strontium? 
4. How can strontium be distinguished frx>m barium P 
6. What is the percentage of strontium in wirotUiamie and in M2eKnie t 
6. How can strontium be separated from calcium P 



8. OALOIUHy Ca". — Occurs in nature in the minenJ, vegetable 
and animal kingdom in vast masses, in combination with carbonic, 
sulphuric, silicic and phosphoric acidjs. In plants it occurs combined 
witn carbonic, sulphuric and phosphoric acids; in animals, com- 
bined with phosphoric and carbonic acids. It is occasionallj also 
found in minerals which result from the action of acids (such as 
nitric or arsenic acid) upon caJc spar. 

The principal calcium minerals are the various calcic cabbonates, 
diiSering in physical properties or ra crystalline structure, such as 
ectU ^ar^ COCao" (containing occasionally barium, magnesium, 
iron, manganese, lead, in variable proportions, and passing gradually 
into harytO'CalcUe and dolomite^ stderUe, dioMogite and phtmbO' 
ixilcUe)y arroffimite, marble, Im/estone, chalk; the sulphates, such as 
gypswrij SHoiCao", anhyd^rit^ SOtCao", alabaster, selettite ; the phos- 
phates, such as apatUe^ PgOaCao^i ( pGa" V bane-eatth, PsOsGao"s ; 
Kndjluor spar^ CaFt* 

BBACnORS in the DBT WAT. 

Most calcium compounds, when heated in the inner flame of the 

blowpipe, colour the outer flame yeilawlili reAf calcic phosphate 

and bora^ excepted. The presence of barium or atrontium onimitj 

obscures the calcium reaction. 

Calcic carbonate when stronidy ignited becomes oonrerted into caostio or 
fnicUima, OaO, whioh reacts ukaline. It combines with water yeiy eagerly, 
erolTing much heat, and is conyerted into calcic hrdrate, OaHos flaked ume). 
Calcic sulphate is conyerted into calcic sulphide, OaS, when ignited on charcoal 
in the reducing flame. QRie mass reacts likewise alkalhie. 

BEAGTIONB in the wet WAT. 

Calcic salts are readily prepared from pare oalc spar or marbUy 
hj means of dilute adds. 
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We employ A soLimoN of calcic chloride, CaCls. 

COAmot (vroap-reasent) precipitates white ealele earbonAte, 
COCao", which is bnlky and amorphous at first, but on heating 
becomes rapidly crystalline. The precipitate is somewhat soluble in 
ammonio chloride, when freshly precipi^ted. 

CONaos and COK09, same reaction. 

SO9H0S, or solaMe sulphates, predpitateB from concentrated solutions of 
a caldc salt wkUe calde siilpliate, SOHo^ao'^ + Aq, soluble in much water, 
and still more soluble in acids. A precipitate is obtained on the addition of 
alcohol from solutions which are too dilute to be precipitated by sulphuric acid 
or a soluble sulphate. Calcic sulphate dissolves readily on boiling in a oonoen* 
trated solution of amnionic sulphate. 

A solution of calcic sulphate precipitates baric and strontio salts. 

POHoNaoa (hydrle dlsodle phosphate) gires a bulky fohUe precipitate of 
trlcalde phosphate, PsOsCao^'s, soluble in £lute hydroKshloric or nitric acid^ 
and soluble in acetic acid ; reprecipitated by ammonia. 

I CO Am^ (aauumle oxalate) produces from a very dilute solution 
of a calcic salt a white pidvervlent precipitate of calde oxalate. 

rco 

< f«QC/ao" + 2Aq., readily soluble in hydrochloric or nitric acid ; 

not perceptibly soluble in oxalic or acetic acid. On gentle ignition 
calcic oxalate breaks up into calcic carbonate, and carbonic oxide 
gas (CO), and on igniting very strongly it leaves caustic lime. 

Soluble calcic salts, such as the chloride or nitrate, constitute 
very important reagents for the detection of acids, on account of the 
metal c^cium formizig insoluble salts with most acids. 



QUESnOKS AND EXEBCISES. 

1. Which are the moet important natural lime oonmounds P 

2. Gire graphic formules ror ^ypmm, a»kydrit«f ealc spar,JUior tpat, apatite, 
8. Which are the most delicate reactions for calcium in the wet way P 

4. How is arragomte oonyerted into calcic oxalate ? 
6. Oalculate the percentage composition of h<me-<uh, 

6. Explain the terms — caustic or quickUme, slaked Ume, lime water. 

7. How is a solution of calcic sulphate employed for the detection flf barium and 

strontium P 

Separation of Barium^ Strontium^ and Oalcvwm. — ^Barium minerals 
frequently contain strontium and calcium, and strontium minerals 
banum and calcium as well. The separation of these metals is 
based upon — 

1st. The insohihU/ity of 8aCls in ahsolute alcohol (SrCls and 

CaCls being soluble). 
2nd. The insoUMity of If sO^Bao'', and TiiOSvo" in ahtohUe 

alcohol (calcic mtra,te being soluble). 

A hydrochloric acid solution of the mineral containing Ba and Sr, or Sr and 
Oa, or possibly Ba, Sr and Oa, is prepared, and the solution evaporated to dry- 
ness and gently ignited. 

Barium is separated from strontium and calcium, by digesting the finely 

L 2 
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divided residue with abeolute alcohol, and leparating the unditaolred BaCIi by 
filtration. * 

Strontium is separated from calcium by eraporating or distilline off the 
absolute alcohol, which contains the SrCf] and OaCfs; precipitatmg with 
OO Amos, and oonyersion of the strontic and caldo carbonates into nitrates by 
means of dilute nitric acid. The solution of the two nitrates is eyaporated to dr]|r- 
nees, and absolute alcohol added, when calcic nitrato is dissolyed out, strontic 
nitrate being insoluble in absolute alcohol. 

On setting fire to alcohol containing baric, strontic, or calcic 
chloride (or nitrate) in solntion, the 'alcohol is seen to bom with the 
characteristic colour observed when traces of these salts were heated 
on a platinnm wire. 

Several methods of recognizing and of separating the metals of 
Group rV will suggest themselves. 

It is often useful to ascertain whether one or two, or aU the metals of this 
group are present in a solution. This can be done bj adding to their neuind 
solution a solution of OrOsKoj, or 2HF,SiF4. A yellow or a white crystalline pre- 
cipitate indicates barium. To the filtrate add SOsOao''; a precipitate forms perhaps 
only after some time, proying the presence of strontium ; or the solution remains 
dear, in which case odcium only need be looked for, the presence of which is 

indicated by the precipitate which < go Amo P'^^^'^ trom another portion of 

the largely diluted solution. 

The student will have no difficulty in drawing up a tabular 
analytical scheme* based upon : — 

Ist. The insolubility of BaCU and If jOiSro" in absolute alcohol. 
2nd. The insolubility of BaClt in (ibsolute alcohol and thai of 

S02Sro" in a concentrated solution o/'SOaAmot. 
Srd. The insolubility of BaFa, SiFi, or CrOsBao", gw well as of 

SOflSro" in water ; calcic sulphale being sufficiently soluble to 

give a jnredpitate with am/monic oxalate, 

PRAOTIOAL EXEECISESt ON aBOUPS IV AND V. 

Yon are requested to analyze^ 

1. A solution of salts of the metals K, Mg, and Ba. 

2. A mixture (about *500 grm.) of the solid salte Nad, SrCl^, and ma^^nena 

Ma (G|Ho4Mgo''4). 
8. A mixture of the solid salte AmOl, BaClj and OOOao'^ 
4. A mixture of the salts AmCl and SOsMgo'^ 
6. A mixture containing finely powdered marble, baric carbonate and common 

salt. 

6. A solution of BaClj and SrClj, containing *010 grm. of Ba and *100 grm. 

ofSr. 

7. A solution of NaCl, KOI, and MgOli, containing '020 grm. of E, '200 grm. 

of Na, and *050 grm. of Ms. 

8. A solution of SrOlf and ^OaOlj, containing *050 grm. of Sr, and *600 gnn. 

ofOa. 

* Table lY in the analytical tables at the end of the book contains a scheme 
embodying method 2. 

t As a control upon the work done in a laboratory the analytical resulte 
should be carefully recorded (as fiftr as possible, in a tebumr form), and should be 
open to inspection. 
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Chapter IV. 

BEAGTIOHS OF THE METALS OF GROUP III, OB 

SAnu OBOITP. 

Group III comprises the metals Nickel, Cobalt, Manganese, Zinc, 
Iron, Chromium, Aluminium, likewise the phosphates of these metals, 
and of Magnesium, Barium, Strontium, and Calcium. 

1. Add to a solution* containing MsO^Coo'^ FefCl^, and caloio phoiphate, 
disBolved in a little dilute hydrochloric acid, a concentrated solution of ammonio 
chloride, and then ammonia. A precipitate is produced. Filter and add to the 
filtrate SAm2. A further precipitation takes place ; the precipitate is hlaok. 

This shows that some members of this group a/re precipitated by 
AmCl cmd AmHo ; others only on the addition of 8Amt, 

2. Add to a solution of FetCI^, OTsOIc and Alsd^, ammonic chloride and 
ammonia, till it is distinctly ammoniaical. A bulkj geUtinous precipitate is 
obtained. Filter. Add to ike clear filtrate SAni^] ; no further precipitation 
takes pUice. 

Showing th^U Iron^ Chromium, a/nd AJ/uminium are predpitaied 
(c» hydrates) from their saline solutions by AmCl a/nd AmHo alone, 
without the aid of 8Am%, (Anunonic chloride has no share in the 
precipitation, bnt prevents the solubility of the aJnminic hydrate in 
excess of the precipitant, as well as the precipitation of magnesium, 
as hydrate). 

8. Bissolye some baric, strontic, calcic, and magnesic phosphates in dilute 
hydrochloric acid, and cautiously add to the solution ammonia. No precipitate is 
produced till the free acid has been neutralized (with formation of ammonio 
chloride), when the phosphates are reprecipitated. Filter and add SAm^ to 
the filtrate. No further precipitation takes place. 

This shows that the phosphaies of the aUcaline earthy metals are 
precipitated by am/monia alone, 

4. Dissolye some phosphates of Ni, Co, Mn, Zn, and Fe in dilute hydrochloric 
acid.f To one portion of the solution add AmCl and AmHo. A precipitate is 
formed. The phosphates are reprecipitated. Filter and add SAmj ; a further 
precipitate is produced. 

Showing that the phosphates of these metals are not entirely pre- 
cipitated by ammonic chloride and ammonia. 

Thus &ur we have seen that these two reagents precipitate : — 

* Solutions containing '006 grm. of the metal in erery c.c. are readily pre- 
pared, and should be kept for use. 6 c.c. of each solution will be found a 
convenient quantity. 

t This solution may abo be prepared by adding hydric disodic phosphate 
to solutions of the above metals as long as a precipitate forms, and dissolving the 
precipitate in a little hydrochloric acid. 



Chromic phosphate 


AlnTninio 




Baric 




Strontic 




Calcic 




Magnetic 
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Nickelons phosphate 
Cobaltoas „ 
Manganons „ 
Zincio „ 

Ferric ,i 

Ferric hydrate 
Chromie «, 
Aluminio „ 

6. To a Bolntionof SOsNio", Ns04Coo^ 80sZno'^ and MnCls (free from 
Fe), add AmCl in considerable ezoets, and then AmHo in sliffht excess. No 
precipitate is obtained, the precipitate first produced by AmHo beins; soluble 
in the ammonio salt. To one portion of the solution add strong sulphuretted 
hjdro^en water (or pass a current of sulphuretted hydrogen gas) ; a copious 
precipitate is produced, consisting of NIS and OoS (black), ZnS (white), and 
ablS (buff coloured) . 

This shows that Nickel, Cobalt, Manganese, and Zinc salts are 
not predpitaied by AmOl and AmHo, hut by SArn^. 

On exposing the other portion of the solution for some time to the air, it is 
seen to turn turbid, where it is in contact with the air. Heat and shako the 
solution and the turbiditj increases rapidlj. 

Showing that AmCl and AmMo produce^ under favourable cof^ 
diUons, a partial precipitation. 

6. To another portion of the solution of the phosphates of Ni, Co, Mn, Zn, and 
Fe (see 4), add AmCl, AmHo, and SAms, without first separating by filtration 
the precipitate produced bj AmCl and AmHo. Thb Phosphates of Co, Ni, 
Mir, ZVf AKD Fb, which may be present in the hydrochloric acid solution, asb 

DBC0MF08ED IITFO SIJLFHIDBS, AlTD AKMONIO FH08PHATB IS LXTT IK SOLUTIOX. 

7. To a solution of PejClc, add AmCI and AmHo, a reddish-brown precipi- 
tate of ferric hydrate, PesHof is produced, which on the addition of SAm^ 
turns instantaneously black. 

This shows that iron is first precipitated as hydnrate, and is 
subsequently corwerted into sulphide. Chromic and aluminic chlorides 
are precipitated under the same drcnmstances as hydrates; bat 
they form no sulphides in the wet way. 

We may then sum np by saying that the gronp reagents, AmCl 
and AmHo, for reasons stated under 4 and 5, cannot thoroughly 
separate some of the members of Croup III from others, and that 
SAma should invariably be added as well. The three reagents* 
precipitate : — 

* Add AmHo to a solution of baric, strontic, calcic and magnesic oxalates in 
dilute hydrochloric acid, as long as a white precipitate is obtained. The oxalates of 
the alkaline earths are reprecipitated, as soon as the hydrochloric acid which (as 
in the case of the corresponding phosphates) holds them in solution is com- 
pletely neutralired. 

The same applies to the fluorides, borates, tartrates, citrates, etc., of these 
earthy bases, which are precipitated hy AmHo, although in the presence of much 
AmCl they are, to a great extent, held in solution. 

Silicic acid and suicates, soluble in hydrochloric acid, are likewise precipitated 
by AmCl and AmHo as gelatinous silica, 8iHo4. 

In order to aToid complicating the qualitatire course, it is usually preferred 
to evaporate the hydrochloric add filtrate from Ghroup n to complete dryness, 
with Uie addition towards the end of the evaporation of a little concentrated 
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1. Sulphides — 

HIS black 

Ck>S blaok 

aCnS buff 

KnS white 

FeS black. 

2. Hydeates — 

CrsHoa green 
iAXbHos white. 

3. Phosphates of Or, Al, Ba, Sr, Ca, and Mg. 



NICKKL, Ni" AND *^.— Occurs in nature as sulphide, HIS", 
in capiUa/ry pyrites, hair nickel, or rmUeriie; as absenidb, in' 

arseniccd rdckel, < » a n ^^^"> ^''^^ ^ coyjper nickel^ i » A«"Ni" ' *^ 
antimokide, in < 'Sk"N'"' antimony nickel, combined with Sul- 
PHiDE, as in nickel gUmce or grey nickel ore, < H^J^hVff^S^ fts anti- 

nnowy nickel glcmee, < ,S^iNi,lliV^9t ; also in the form of niinftpalfl 

which are the result of the oxidation of other nickel minerals, e,g.<, 
as nickel ochre, AfltOpNio"., and emercUd nickel, C(ONi"Ho)iNio". 
50H,. 

SEAOTIONS m THE DBT WAT. 

When nickelons salts are heated on charcoal with dry CONaoi, 
in the inner blowpipe flame, they are reduced to a grey m e tallic 
powder which is magnetic. Heated on a borax bead, in the outer 
name, nickel compounds yield an intensely coloured glass, which 
appears liyaeUitIi red to Ttslet brawn when hot, and yellowish t« 
■berrj red when cold (according to the quantity of nickel present). 
On fiising a little nitre in the bead, the colour is changed to blue 
or dark purple, whereby nickel compounds may be distiaguished 
from iron. Heated in the reducing flame the colour disappears, 
and the bead assumes a turbid grey appearance, owing to finely 
divided particles of metallic nickel. The reactions with micro- 
cosmic salt are similar; but the bead becomes almost colourless 
when cold. 

nitrio acid, wheneyer AmCl and AmHo produce a precipitate. By these means 
silicic anhydride, 810,, is left behind insoluble in adds; the fluorides and 
borates are for the most part decomposed, hydrofluoric and boric acid being 
Tolatilized. Oxalates are destroyed with cTolution of carbonic anhydride by the 
oxidizing action of the nitric acid, and tartrates, etc., are broken up by gentle 
ignition into carbon and Tolatile gaseous products ; ferrous salts are couTerted 
into ferric salts, and on extracting the ignited residue with a little concentrated 
hydrochloric acid, the metals are obtamed in solution as chlorides, together 
only with the phosphates of the alkaline earths, earthy and metallic bases. 
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KEACTIONS IK THE WET WAT. 

We employ A bolution of mcKELOus sulphate, SOiNio". 

SAmi (vroup-reasent) gives a black precipitate of Blckelsns 

■olphlde, mS, slightly soluble in excess of tlie reagent, especially 

in the presence of free ammonia, forming a dark brown solution, 

whence MS is reprecipitated on boiling. The presence of am- 

f CH 
monic chloride, (or better still, < ^r\\ i ammonic acetate) assists 

the precipitation. HIS dissolves with difficulty in dilute hydro- 
chloric acid, readily in nitric acid or aqua regia, and is but slightly 
soluble in acetic add. 

SH) giyes no precipitate in an acid solution, and a partial precipitate 
only from a salt ot uickel with a mineral acid ; but produces readily a pre- 
cipitate from a solution of nickelous acetate, or a nickelous salt mixed with an 
aualine acetate. 

I^aHo or EIHo precipitates an apple green feytfrnte, XTIHot, 
insoluble in excess, soluble in ammonic salts to a greenish blue 
fluid. XTIHoi leaves on ignition XTIO. It does not absorb 
oxygen from the air. 

AmHo produces a slight greenish precipitate, readily soluble to a blue 
fluid. No precipitate in presence of ammonic chloride. 

OONaO] precipitates an apple green bmale earbonmte, Tarying in com- 
position. 

OOAmoi, same precipitate, readily soluble in excess to a greenish blue 
solution. 

KCy (free from cyanate (CyKo) and carbonate*) gives a 
yellounsh green precipitate of Blckelsiu eyanlde, ViCji, which 
dissolves readily in excess of potassic cyanide to a brownish 
yellow solution, containing a double cyanide of nickel and potas- 
sium, 2KCy, HlCy,. On adding a dilute acid (HCl or SOsHo,), 
mCya is reprecipitated, and KCy is decomposed with evolution 
of HCy. Boiling with hydrochloric acid decomposes the ZTlCys 
likewise. 

The solution of the double cyanide is not altered by boiling 
with excess of HCy, but is decomposed by chlorine, or on the 
addition of a concentrated solution of sodio hypochlorite, GlNao, 
hla^ nlckelie liydnite, 'm"'aHo6, being precipitated, thus : — 

2HlCya + ClNao + 60H, = Hl^Hoe + NaCl + 4HCy. 

Nickelic hydrate may also be obtained by passing chlorine 
through water, in which nickelous hvdrate is suspended. HGl 
decomposes the tetrad nickel compound mto XTlCla and free chlorine. 

QUESTIONS AND EXERCISES. 
1. Express in symbolic equations the reactions for nickel in the wet way. 

* It is preferable to add hydrocyanic (pnusic) acid, HCy, to a neutral solu- 
tion of a nickelous salt, and then KHo drop by drop, till the yellowish green 
precipitate is redissolved. Great caution has to be observed on account of the 
highly poisonous nature of HCy. 
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2. State which are the principal nickel mineralB, and translate into graphic 
formuls the oonstitational formuls of emerald nickel, awtimomf nickel, 
nickelous nitrate and acetate. 

8. How many oxides of nickel are there ; and how would you prepare them 
from a solution of nickelous sulphate P 

4. How would you recognijEe the presence of Ni and As in areenical 

nickel ? 

5. 60 cubic centimetres of a solution of nickelous sulphate yield on precipita- 

tion with KHo and ignition '370 grm. of NiO, how much Ni is con- 
tained in 1 C.C. of the solution, and how much nickelous sulphate 
(80HosNio'^60Hs) must be dissolred in a litre of water to obtain a 
solution of the aboTc strength P 

6. Calculate the percentage composition of capUlartf pyritee. 



COBALTj Co" and ^^. — Occnrs in nature as sulphide or cobalt 

pyrites, COsSs or \ CoS"^" ' ^ absenide in v^Xa'^^ "» tin- white 
cobalt or smaltine {speiss cobalt), as sulphabsenide, or cobalt gla/nce, 
n j^ iCoyCO'^Si ; also in the form of products of oxidation, sncb as 



{ 



eobaU vitriol, SOHo2Coo",60H2, as arseniaie, A8202Goo"8)8OHa, in 
cobaU bloom, and generally in small quantity in nickel and iron ores, 

REACTIONS IN THE DRY WAY. 

Cobalt is usually detected with comparatiye facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when SOa and Aji208 are evolved. The residue is then 
introduced into a borax bead, and heated in the outer flame, when 
a fine blue, so-called cobalt glass, is obtained. This colour re- 
mains the same both in the outer and inner, or reducing flame. In 
cases where much Mn, Fe, Cu, or Ni are mixed with Co, the blue 
appears distinctly only after the bead has been heated for some time 
in the reducing flame. Microcosmic salt gives the same blue bead. 
Heated on charcoal, with CONaoa in the reducing flame, cobalt 
separates as a grey metallic powder which is attracted by the 
magnet. 

REACTIONS IN THE WET WAY. 

We employ A solution of cobaltous nitrate, S q'Coo". 

SAma (sroap-reaseiit) gives a black precipitate of eobaltons 
sulphide, (ToS, insoluble in excess of the reagent ; scarcely soluble in 
acetic acid, and very di£Eicultly soluble in dilute hydrochloric or 
sulphuric acid ; but readily soluble in aqua regia upon the applica- 
tion of heat. Hence a black residue left on treating the SAma 
precipitate of Group III with dilute hydrochloric acid, indicates 
probably the presence of CoS orXTlS. 

SHs giTCS no precipitate from an acid solution, but precipitates Co pcuiially 
from a neutral solution, and wholly from a solution of cobaltous acetate, or from 
a solution of a cobaltous salt containing a mineral acid, and completely on the 
addition of an alkaline acetate, and upon heating. 

KHo or NaHo gives a precipitate of a blue hartc salt, which tuma 
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olive green on exppsnre to air, owing to the absorption of oxygen. 
On heating, a rose red oobaltons Uj&rmtty CklHo^, is obtained, which, 
however, contains mostly a small amount of dark brown cobaltio 
oxide, 'Co"'20t. Ammonio carbonate dissolyes the preoipitate (after 
filtration and washing) to an intensely yiolet-red fluid. 

By suspending CoHos in water, and passing a current of chlo- 
rine mto it, a blskck powder, COtHoe, is precipitated, whilst CSoCU 
remains in solution, thus : — 

SCoHo, + 01, = CksHo. + CoOl,. 

Cobaltio 
hydrate. 

In the presence of an alkali (NaHo) the whole of the cobaltoua 
hydrate is converted into COsHoa. 

AmHo produces in neutral solutions a slight praoipitate of a bttile salt, 
which dissoiTes readily in excess. The solution is reddish brown. Ammonio 
chloride prevents the precipitation altogether. The solution absorbs oxygen fipom 
the air, and becomes rapidly brown. 

OONaos precipitates a peach coUmred baale earlMiimtey 
OOAmos, same precipitate ; readily soluble, howerer, in excess, to a red eola- 
tion. 

KOy ^ves with all normal cobaltous salts a reddish hroton pre- 
cipitate of eobaltoiu cymnlde, CoCy2, soluble in excess, reprecipi- 
tated by dilute hydrochloric or sulphuric acid. 

If the cobaltous solution, however, contain free acid, so as to 
liberate hydrocyanic acid by the action of the latter upon the excess 
of KOy ; and if the solution of 2K0y,Co0ya be heated for some 
time, dilute hydrochloric or sulphuric acid no longer produces a 
precipitate, the whole of the cobaltous cyanide having been con- 
verted into cobaltic cyunide, 'CrO^'aOyey which remains combined 
with 6K0y to form a well defined and stable salt, called potsMle 
cobaltteyanide, KeOoaOy^, hydrogen being evolved, thus : — 

2CoOy, + 2HCy = CcCy. + H,. 

6K0y + CcOye = KeOcOyu. 

Potassic 
cobalticyanide. 

which is not decomposed by dilute acids, nor by sodic hypochlorite 
in the cold. 

8&pa/rcUion of Nickel from Cobalt. 

It is obvious that the hydrocyanic acid reaction enables ub to 
separate Ni from Oo. — To a neutral solution of the two salts add 
cautiously a small quantity of a strong solution of HOy (a solution 
of potassic cyanide may likewise be used), and then, drop by drop, 
KHo, as long as a precipitate forms, and till the precipitate la quite 
redissolved. Heat eently for some time in a well ventilated closet, 
till the odour of HCy has disappeared. Allow to cool, and add a 
concentrated solution of OlNao. miHo« is precipitated in the cold, 
and cobalt remains in solution, as EeOoaOyu. Separate by filtra- 
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tion. Test the residue before the blowpipe for Ni, and eyaporate 
the solution to dryness, and test for Co by means of a borax bead* 

Instead of sepantinff Ni aa NI^Hos by means of ClNao, the solatioa, after 
boiling with excess of HCy, nuy iJso be precipitated whilst hot, with finely 
dind^ freshly precipitated mereurle oxide. On digesting for a short time at 
a eentle heat, tine whole of the Ni is precipitated, purtlj as NiHoj, partly as 
NICys, the mercury combining with the uberated cyanogen. Filter off the ffreenigk 
or yeUomith grey precipitate, wash, and ignite. Pure HID is left; thus : — 

0) 2NlCy, + zBflrO - BflrCy, + NiHoi,NiCy3 + x-lBirO. 

Gh-eenish 
precipitate. 

(2) NiHcNiCya + BffO » 2NiO + Bg€ys + OH,. 

Excess. Volatile on 

ignition. 

The cobalt remains in the solution as KeOoiPyu. Nearly neutralise with dilute 
nitric acid, and add a neutral solution of mercurous nitrate, lX^^P%f/'. A 
white precipitate of mercarous eobaltleyanlde (Hg''3)3Co^CyiS) forms, which 
contains the whole of the cobalt. Filter, wash, and ignite under a hood with 
firee access of air, when trleobaltle tctroxlde, OOSO4, is left. 

Add NOKo (potaasle nitrite) in considerable excess to a concentrated 
normal solution of a cobaltous salt, then acetic acid in sufficient quantity to freely 
redissolTC the precipitate, which is at first produced by the free KHo and OOKot 
contained in the NOKo. On keeping the solution in a moderately warm place, 
all the cobalt separates in the form of a crystalline precipitate of tkfineyeUow 
colour (from a dilute solution only after long standing), the formation of which is 
expressed bj the equation : — 

4f^0oo" + I2NOK0 + 2{25j^ + OH, » OOjOtoSKjO, 

Yellow 
6N/)s,20H, + 4NO,Ko + ^[^^^ + NA- 
precipitate. 

The precipitate is soluble in much water ; it is decomposed by hot nitric or 
hydrochloric acid, or bj potassic hjdrate ; insoluble in alcohol ; insoluble in the 
presence of potassic salts ; and it can therefore be washed bj a solution of potassio 
acetate, and finally with alcohol. This sbactiok bxbtxs ldcewibb voe thx 

BBPABATION OP NICKIL PBOX COBALT. 

On igniting a small quantity of lf204Nio", a dirty greyish 
powder of If 10 is left. Ignite next HiOiCoo" gently, and a black 

residue of cobaltous dioobaltic tetroxide, Co%Oi, = < CoO^^' ^ 

left. On treating this oxide with hydrochloric acid, chlorine gas is 
evolved, according to the equation : — 

CcO* + 8HC1 = 3CtoCla + a» + 40H,. 

Both nickel and cobalt are capable of forming compounds in 
which the metals exist in a tetnUl condition, viz., 

HlsOs, or{ JJgo, and Co,0„ or { gjgO; €;o,S, 

Nickelic Cobaltic Cobaltio 

oxide. oxide. sulphide. 
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m^Oj is, howeyer, obtained in the wet way only, and cannot 
exist at a high temperature. 

COsOi, on the other hand, is obtained in the dry way, or on 
gentle ignition, giving np a portion of its oxygen only on strong 
ignition. 

The same tendency to form componnds in which nickel and 
cobalt exist as tetrad elements, is observed on exposing their alkaline 
Bolntions to the air, or on passing chlorine or adding bromine 
or iodine to their solutions. 

Little use is, however, made of these reactions beyond the con- 
version of CoCy2 into C02Cye, in the presence of potassic cyanide, 
or of Ck>0 into CrOiOs in the potassic nitrite reaction. 

QUESTIONS AND EXERCISES. 

1. TranBlate into graphic forraulis the constitutional formuln of cobalt pi/rUe*, 

cobaU ffUriolf cobalt bloom, oobaltio cyanide. 

2. How are OoO and OOSO4 prepared ? 
8. How is Co separated irom Ni ? 

4. 2 grms. of an ore containing Ni and Co yield '221 grm. of NiO and '1075 
grm. of OOSO4, what is the percentage of Ni and Co in the ore ? 

6. Explain the formation of a blue glass when cobalt compounds are heated in a 
borax bead, or a bead ofmicrocosmic salt. 

6. How would you prepare potassic oobalticyanide ? 



MANGANESE^ Mn", *^ and ▼*•— Occurs in nature mainly in 
the state of Oxides, of which the mineral pyrolusitej BKn^^Os, is the 
most important. It is found in small quantities in many iron ores, and 
is a frequent constituent of silicates: the BKnO replacing the 
isomorphous bases 7eO, ZnO, MgO, CaO, without altering the 
crystalline structure of the minerals. It exists both in the dyad 
and tetrad condition in manganous and manganic oxides. The 
Anhtdrocjs Oxides known, besides pyrolusite, are : braunite^ 
MCn'^iOs, haiismannite, MCn^^sOi ; the Hydrates are : manganite, 

r'l«n"'0.01 iiir«TTn. 

vicite, ^ Mno" (Mn»^Ho,)", copper mcmgan, JJ^ OCuo". Man- 
ganese is found in combination with sulphur, in manganese blende^ 
BKnS ; with carbonic acid, in diallogite, COMno" ; with silica, in 
red manganese or matigan kiesel (rhodonite) j S10Mno",and in tephroUe, 
SiMno"s ; with phosphoric acid, as irvpUte^ P20Mno"4, P80Feo"4. 



examination in the dry way. 



The presence of manganese is readily detected in minerals which 
contain no other oxides, capable of colouring fluxes ; as it imparts to 
the horax bead, or to a bead ofmicrocosmic salt, a fine amethyst colour 
when heated in the outer flame, and the bead becomes colourleM 
when heated in the reducing flame. If other metallic oxides are 
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present, it is preferable to mix a portion of the finely powdered 
mineral with two or three times its weight of CONao, (a little nitre 
may likewise be added), and to fuse on platinmn foil (a small 
platinum spoon or the Ud of a platinum crucible) in the oxidizing 
flame, when a Uiitali sreea mam, consisting of sadle maBsanate^ 
BCnOaNaO), is left. This forms the host characteristic reaction 
FOR Manganese. Manganous and manganic oxides are converted 
into a higher oxide, BKn^Os, in which Mn exists as a hexad. 

EXAMINATION IN THE WET WAT. 

AU the higher oxides of manganese, when heated with hydro- 
chloric acid, evolve chlorine, and are converted into manganous 
chloride, MCnCli : — the chlorine so evolved becomes the measure of 
the amount of XIKnOi present in a manganese ore. 

We employ a solution of manganous chloride, BKnGla (free 
from Pe). 

SAm2 (sroup-reasent) gives 9k flesh-coloured precipitate of maa- 
saneiu salphlde^ MnS, readily soluble in dilute acids, even acetic 
acid. Hence the presence of free acetic aqid prevents the precipita- 
tion of manganese (method of distinguishing Co AND Nl FROM Mn). 
The manganese may be separated by repeating once or twice the 
precipitation of cobalt and nickel in the presence of acetic acid. 

SHs does not precipitate a neutral solution of a manganous salt ; the acetate 
eren is precipitated yery slowly and imperfectly, and not at all when free aoetio 
acid is present. 

KHo or NaHo gives a white precipitate of mmtsmisat Hydrate, 
BKnHot, insoluble in excess. The precipitate absorbs speedily 
oxygen from the air, and turns dark brown with formation of 

\ S„Qrr^> when it no longer dissolves completely in ammonio 

chloride. 

AmHo precipitates a white hydrate, BKnHos, from neutral solu- 
tions ; insoluble in excess, or in aminonic carbonate. 

No precipitate is produced in solutions containing ammonio 
chloride. On exposing an ammoniacal solution of the soluble 
double chloride, 2AmCl,BIKnCl3, to the action of the air, the whole 
of the manganese is gradually precipitated as brown dlmanganle 

tfltfsqrtfUiydrate, < Snfipr^* ^^^ reaction is characteristic for 

manganese compounds. 

AmHo conveys in this change oxygen to the manganous salt in a manner 
similar to the action it had upon oobsltous salts, and upon metallic copper, in 
the presence of oxygen or air (comp. p. 128) ; forming, howeTer, in the case of 
the manganese compound, an insoluble body. 

Owing to this tendency of mang^ous salts to become oxidised and precipi- 
tated in the presence of AmHo, it is impossible to separate manganous from 
ferric salta by means of AmCl and AmHo. The reddish brown ferric hydrate, 

wliich is precipitated, inTariably carries down more or less i BbtOBo ' ""^^ 

smaU puuUUiet qf mamfftutete oamnot, therefore, be eeparated from irom by pre- 
vipUaHon wUh AmCl and AmHo. 
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CONaos or COKot precipitates white wnawgaiuM cmrbonate, 

COMno", insoluble in excess of the reagent, but pretty readily 
soluble in ammonic cUoride. This precipitate absorbs likewise 
oxygen from the air, and turns to a dirty brownish white colour, 
owing to the formation of dimangasiic dioxydihydrate. On ignition 
with free access of air, the white carbonate turns first black, and 
changes subsequently to brown trlnumsmnle tetrvxlde, BKllsOi. All 
manganese oxides are obtained upon ignition in air in the form of 
MusOa. 

KCy giTM a whUish precipitate of manffanoas cyanide, SInCys, soluble 
in ezcoM to a brown solution, which is not precipitated by SAmj. 

We have just seen how readily manganous compounds are con- 
verted, more or less completely, into higher oxides, in which Mn 
acts the part of a tetrad element. In the brown hydrated di- 
oxide, M[n*^OHot, obtained when a manganous salt is digested with 
Bodic hypochlorite, according to the equation r— 

MnCl, + ClKao + 20H, = Mn«^OHoa + NaCl + 2HC1, 

the manganese exists likewise as a tetrad element. By fusion 
in the dry way with CONao^, alone or together with nitre, the man- 
ganous or manganic compounds are converted into an alkaline 
manganate, BKn'^OaNaoa, in which the metal manganese acts the^part 
of a hexad element. Manganic acid itself has never been isolated. 
It is obtained, however, in combination with a few of the stronger 
metallic bases, forming manganates, of which the alkaline man- 
ganates only dissolve in water to green soUiMons, 

Manganates are readily decomposed in aqueous solutions. On 
gentlv heating a solution of potassic manganate with free aocess of 
air, the green colour changes to jpurple redy owing to the formation 

of potassic permanganate,* MCDsOaKoi = < 'Sn^O (OKo^ ^^**^ 
separation of BKn^^OHoi, thus :— 

3BKnOtKo» + 30H, = MiisOiKo, + SCnOHos + 4KHo. 

The change is accelerated by adding a few drops of a dilute mineral 
acid (e.g., nitric, hydrochloric or sulphuric acid), which combines 
with the liberated alkali. This reaction is extremely delicate. 

The metal manganese seems to act here the part of a pseudo- 
octad element; and it may readilv be inferred that the different 
oxygen atoms perform different mndions in such a highly oxy- 
genized compound, and that the metal manganese will part with 
some more readily than with others. 

Manganic oxide, BKll^^Oa, as well as other native peroxides, 
aJready enumerated, also the alkaline manganates and permanganates, 

* Permanganic acid has never been isolated. It exists only in a few metallic 
salts called permanffanateg, which are soluble in water forming intensely purple- 
red solutions. The salts crystallise from an alkaline solution in beautiful large 
ciystals of deep yiolet lustre. 
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act as powerM ozidiserB, differing merely in the mtermiy of tiheir 
oxidising action. 

Manganio oxide gives off oxjgen on tlie addition of snlplmrie 
acid, and forms normal manganons snlpbate : — 

(Atomic equation) BKnO, + SO,Ho, = O + SOiMno" + OH,. 

Sulphuric acid added to BKnOsNaos, gives off a molecule of 
oxygen and forms manganons and sodic sulphates, thus : — 

BKnOsNao, + 2S0,Ho, s Oa + SO^no" + SO^Nao, + 20H,. 

Sulphuric add added to a solution of -j Birno'rOK^^ ' liberates 

five atoms of oxygen, and leaves manganons and potassic sulphates 
in the solution, thus : — 

(Atomic equation) 1 5ESo!(OKo) + ^^0 JEo, = 0. + 2S0^no" 

+ SOaKo, + 30H,. 

Hydrochloric acid acts lil:ewise upon the higher oxides of man- 
ganese with evolution of chlorine and formation of metallic chlorides 
and water. The peroxides of manganese, especially the black oxide^ 
constitute the principal substances, together with hydrochloric acid, 
for evolving chlorine in the laboratory and on a manufacturing 
scale. 

We know of no other mineral oxidizing agent capable of yielding 
from one molecular group of elements five atoms of oxygen ; and 
there are but few elemBntary substances which resist the oxidizing 
action of potassic permanganate. Hydrogen, freshly-ignited carbon, 
phosphorus, iodine, sulphuretted hydrogen, carbonic disulphide, are 
oxidized more or less rapidly. Metals, such as zinc and iron, become 
oxidized after a few days ; lead, copper, mercury and silver after 
some time. Many lower oxides, chlorides, etc., are converted into 
higher oxides, etc., for example : — 

iLsHot is converted into AsOHoa 

Anemoos Anenio 

acid. acid. 

SOHoa „ SOaHoa. 



Siilphii3?oiui 
acid. 


Sulphuric 
acid. 


NOHo 

Kitious acid. 


irOaHo. 
Nitric acid. 


»OHHo, 

Phosphorous 
acid. 


»OHOa. 

Phosphoric 
acid. 
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IcOHo ^ «>^v®^^^ ^^ 2C0a + OH,. 



Ozalio acid. 






1 


2reGl, 

Ferrous 
chloride. 


>» 


rte,cu( 

Ferric 
chloride. 


In presence of 
dilnte HCl). 


SnCl, 

Stannous 
chloride. 


»9 


SnCU 

Stannic 
chloride. 


99 


SbOU 

Antimonious 
chloride. 


»» 


SbCU 

Antimonio 
chloride. 


99 


CUsCl, 

Cuprous 
chloride. 


11 


2CuCl, 

Cuprio 
chloride. 


99 


HgtCl, 

Mercurous 
chloride. 


»i 


2BgCl, 

Mercuric 
chloride. 


99 


2SO,Feo" 

Ferrous 
sulphate. 


99 


SsOeFeaO^ (in presenoe of 

Ferric dilute SOjiHo,). 
sulphate. 



Potassic permanganate oxidizes many organic bodies, snch as 
sngar, gam, cellulose (in paper, cotton), nric acid, etc. The reaction 
is indicated by a change of colour ; on adding, for instance, the 
pnrple coloured solution to a solution of SOHo,, the colour is 
mstantaneouslj destroyed as long as any SOHo, is left. Perman- 
ganate becomes, therefore, the measure for sulphurous acid, and in 
like manner for other lower oxides, chlorides, etc. 

SOHo, requires one atom of oxygen in order to be converted 
into SO JIo,, and BIKn,OeKo, can part with five atoms of oxygen. 
One molecule of the oxidizing agent oxidizes, therefore, five mole- 
cules of the reducing agent, t.6., 316 parts by weight of M[n20»Ko, 
become the measure for 5 x 64 = 320 parts by weight of SO,. 

Two molecules of SO,Feo" combine with one atom of oxygen 
and one molecule of SO,Ho,, to form one molecule of ferric sul- 
phate, thus : — 

2S0 Jeo" -f O + SO,Ho, = S,06Fe,o^ + OH,. 

Hence one molecule of dipotassic permanganate oxidizes ten mole- 
cules of SO,Feo", ten molecules of FeO, or ten atoms of Fe ; and 
316 parts by weight of BKlItOeKo, become the meafiure for 

10 X 152 parts by weight of SO,Feo" 
or 10 X 72 „ FeO 

or 10 X 66 „ Fe. 
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QUESTIONS AND EXERCISES. 

1. Wliich are the most important manganese ores ? 

2. Which manganese ores can be employed for generating chlorine ? 

8. Ezphun the action of 8O3H02 upon X11O3, IIKll02NaOa and SblsOeKoa ; 
and express the changes by equations. 

4. Translate into graphic formulie the constitutional formuls of wfrolusiie, 

braunitef hcnmmamUte, man^anitefpsUomelane, toad, varvicite, and tepkroUe, 

5. Describe the most characteristic blowpipe reactions for manganese com- 

pounds. 

6. How can Mn be separated from Ni and Oo ? 

7. How is Mn separated from calcium or from potassium P 

8. What change does a solution of 8Kn02Ko2 undergo when heated in con* 

tact with air P 

9. GKve eyidences of the dyad, tetrad and hexad nature of manganese. 

10. Gire the graphic formuls for disodio manganate and dipotassic permanganate P 

11. Explain the action of AmHo upon oobaltous and manganous salts, 1st, in the 

presence of ammonic chloride ; 2nd, in the absence of ammonic salts ; and 
8rd, with free access of air. 

12. State why Bin is separated with difficulty from Fe*^ by means of AmCl and 

AmHo. 
18. What change does OOMno" undergo upon ignition P 

14. By precipitating 2*622 grms. of a manganous salt with OONaoj and ignition 

of the precipitate, 1*825 grm. of BKns04 are left ; what is the percent- 
age of manganese in the salt P 

15. G-iye an account of how chlorine is prepared on a manufacturing scale. 

16. Why does dipotassic permanganate act as a powerful oxidizing agent P 

17. What is the action of dipotassic permanganate upon HCl, SHi, SOfi 

I OOHo' ^^^^3^2* PeCls, SnCls P Express the changes by equations. 

18. How much gaseous 80s by weight and by volume (at 0° C. and 760 nun. 

barometrical pressure) will be required to decolourize a solution con- 
taining '500 grm. of dipotassic permanganate P 

19. Explain the action of 80s upon manganic dioxide. 

20. '125 grm. of dipotassic permanganate had to be added to a given quantity of 

an acid (80sHas) solution of SOsFeo". Calculate how much metallio 
iron the solution contained. 

21. '460 grm. of spatMc iron ore, OOFeo", when dissolved in hydrochloric acid, 

required '100 grm. of HCilsOsKos. What will be the percentage — 1st, of 
carbonate ; 2nd, of metallic iron, contained in the ore P 

22. 1*240 grm. of OOj was evolved when 1'780 grm. of pyrolusUe was treated 

with moderately concentrated 80]Hoa and \ SqKo* ^^^^ ^ ^^ V^^ 

centaee of BKnOs in the ore, and how much chlorine gas by weight and 
by volume can be evolved from 100 grms. of the ore when treated with 
HCJ? 



ZINCj Zn." — Occnrs in nature chiefly as sulphide, ovzinc blende^ 
hlach-jackj ZnS ; as carbonate, or calamine^ COZno" ; and as 
SILICATE, or zinc glance^ electric calamvine, SiZno"a,OH3, WUlemite^ 
SiZno"a* ; also as oxide, in red zinc orcy ZnO. 

EEACTIONS IN THE DRY WAT. 

The most characteristic blowpipe reaction for zinc consists in the 

* Naumann's Elements of Mineralogy. 



162 zmo. 

white inomstatioii of zincic oxide, KnO, which its compoiinds yield 
when heated on charcoal in the reducing flame with CONaOt. The 
zinc compound is reduced to the metallic state, and the metal being 
volatile, bums on passing through the outer flame, with a bluish 
green flame, and is conyerted into oxide, which covers the charcoal 
with an incrustation, ydtow when hot^ wkite when cold, and which 
iMsumes a flae sreeii colour when treated with a solution of cobaltous 
nitrate, and on being once more strongly heated in the outer flame. 
The incrustation is not driven away in the oxidizing flame, — ^ZnO 
being non- volatile. 

Zino oompounds are with bomx or miorooosmio lalt in both flames a bead, 
which IB yellowish wnile hot, and white on cooling ; opaque if much zino salt be 
present. This applies, howeyer, only to pure zinc compounds, and the detection 
of cine in poor ores containing other nnail^ ozidizable metals (such as Fb, Cd, 
As, Sb, which ffive likewise incrustations), is a matter of great uncertainty. 

Zincic sulphide, TOS {tine blende), when roasted in a tube of hard glass, loses 
part of its smphur in the form of sulphurous anhydride, and leayes some zinoio 
sulphate, SOaZno" (tokite vitriol), which may be extracted with water. 

Calamine^ OOZno'', leaves on ignition zincic oxide, ZnO. 

REACTIONS IN THE WET WAT. 

We employ A solution of Zincic Chloride, ZnCU, or of Zincic 
Sulphate, SOaZno". 

SAms (ffro«p-reaseBt) gives a white precipitate of sIbcIb 
■nliMiMC) 2inS, insoluble in excess. From dilute solutions the ZnS 
separates only after some time. It is readily decomposed by dilute 
hydrochloric and sulphuric acids, with evolution of sulphuretted 
hydrogen ; also by ni^c acid, but is insoluble in acetic acid. 

SHa precipitates zinc imperfectly &om neutral solutions of 
zincic salts witn mineral acids ; but &om an acetate or a solution of 
a zincic salt mixed with an alkaline acetate, the whole of the metal 
is precipitated by SHs as ZnS, even in the presence of much acetic 
acid (method of separation of Zn from !&o). Free organic adds 
prevent the predpitation. 

KHo or NaHo precipitates the white liytfnite, ZnHos, readilv 
soluble in excess, and in AmHo, reprecipitated on diluting with 
water and on boiling ; soluble also in ammonic chloride. SHa pre- 
cipitates the whole of the zinc from these solutions. Free organic 
acids prevent the completeprecipitation. In the presence of man- 
ganese, nickel and cobalt, KHo or NaHo does not dissolve out the 
whole of the zincic hydrate. 

CONaoa or COKot produces a white precipitate of itaale carb 
iMnate, consisting of two molecules of zincic carbonate and three 
molecules of zincic hydrate, according to the equation : — 

rCHo(OZn"Ho)a 
5SOaZno" + 5CONaoa + 30Ha = < Zno" +5SOaNao, 

lCHo(OZn"Ho)a 

Bilijdric pentazincio 

dicarbonate tetrahydrate. 

+ SCOs. 

This carbonate leaves on ignition ZnO, also knoim under the name of gino wkOs. 



IRON. 163 

GOAmot produoM the lame precipitato, aoluble, however^ in exoeM. 

KC^presKwhUe precipitate &£ Blnele eyanlde, ZnC^i; soluble in exoesfl, not 
repre(»pitated by SAmj, but oompletelj precipitated hj SKj as ZnS (Method 
for the separation of Zn from Ni), 

Zinc precipitates the lees eleotropositiye metals from their solutionsi fie.. As, 
Bb, Sn, Od, Cu, Fb, Ag, Bi, Hg : and on dissolying impure metallic zinc in dilute 
acids (hjdrochlorio or sulphuric), these metals do not dissolre, as long as anj 
lino remains undissolred. Hence zinc protects other metals, such as copper, iron 
(galTaniwd iron), from the oxidizing action of the air. 

Zino, when placed in contact with platinum, iron, etc., dissolves in alkaline 
solutions in the cold ; when boiled with £Ho (NaHo, or even AmHo), it dissolves 
likewise, with eyolution of hydrogen and formation of 41p9tas8le Kliiele 9x146, 



Zinc vapour decomposes GOs at a high temperature, and forms ZnO and GO ; 
at a lower temperature, ZnO yields its oxy^n again to carbon (Method of extract- 
ing metaUio zinc from some of its oiree). This forms another interesting instance 
of reciprocal chemical action. 

QUESTIONS AND EXSBCISES. 

1« Bzplain the action of HOI, 80]Hos, NO9H0, and KHo upon metallic zinc. 

Express the changes by equations. 
2. Give the names and composition of the most important zinc ores, and translate 

their constitutional into graphic formula. 
8. Describe the blowpipe reactions for zinc compounds. 

4. Express by equations the reactions for zinc in the wet way. Give graphic 

formula for the basic carbonate and dipotassio zincio oxioe. 

5. 1*5 erm. of ealamifie yielded '876 grm. of ZnO, what is the percentage of 

zmc in the ore ? 

6. How is metallic zinc obtaiDed from ealoffUne or red zinc ore 1 

7. How has ZnS to be treated in order to extract frx>m it metallic zinc P 

8. How is Zn separated from Bin ? 

9. How can Zn be separated from Ni and Oo P 

10. How would you remove the zinc from an alloy of Zn and On (brass) P 

11. How is wMfom^fio/ prepared, 1st, from zMio620fid0,2nd,fi!omea2aiN»^ Give 

the composition of tne crystaUiMd salt. 

12. You have given to you calamine^ gme blende, hydrochloric add, water, and 

sodic carbonate. State how you would prepare from these materials 
sinoio oxide or mme wkUe, Express the changes by equations. 



IBON. Pe", ^ and ^. — One of the few metallic elements which 
occurs very abundantly in nature, both in the free and combined 
state. It will suffice if we consider more especially those iron ores 
which contain the metal in sufficient quantities ana which are suffi- 
cient! j firee from deleterious substances (such as S, P, As), to render 
them suitable for the extraction of iron by the usual metallurgical 
processes. The most important iron ores are : — 

1st. Ob£S contaikino Febbous Oxide: — apcUhic or sparry iron 
ore^ COFeo' (sphaerosiderite), containing varying quantities of 
COMno", COMgo", and COCao"; hUu^k hcund or carbonaceous 
iron orei a sphaerosiderite containing from 20 to 25 per cent, of 
bituminons matter; day ironstone (likewise a sideride) is, as its 
name indicates, associated with clayey matter. It is from these 
two ores that the greater part of the iron manu&ctured in this 

M 2 
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country ib derived. They occur in the immediafe prozixnity to the 
ooal measnres and limestone beds^the fael and flux necessary for 
their redaction to the metallic state. 

2nd. Ores coNTAiNiNa Ferrous and Ferric Oxides: viz,. 

—I qFco" (ferrous diferric tetroxide). 

3rd. Orbs containing Ferric Oxide only: rw., red hcBmaiite 
(micaceous irotij oligietj specular iron or iron glance) ^ 'Fo^'aOs == 

1 PaO^ (ferric oxide). This oxide forms different hydrates which, 

according to the amount of water which they contain, have received 

{FeOHo 
FeO 
— qO (tetraferric 
PeOHo 
pentoxy-dihydrate) ; needle iron ore^ brown iron ore or pyrrhosiderite, 

{FaOHo 
FeOH (^^®"^c dioxy-dihydrate) ; Umonite or 

fFeOHo 
PeHo, 
compact hrovm iron ore, brown hoemaiite, 2PeaOt, dOHs = ^ O 

FeHo, 
LreOHo 
(tetraferric trioxy-hexahydrate) ; (varieties : oolitic iron ore^ pea 

ore) ; yeUow iron ore or xanthosideritej PeaOs, 2OH2 = < l"eH^^ 

(diferric oxy-tetrahydrate). 

A few other iron ores deserve our attention. They are not 
used for the extraction of iron, but are valuable as a cheap source 
of sulphur, viz., iron pyrites^ martial pyrites^ or mundic^ PoSsi 
fonnd abundantly in nature ; PeaSa, (diferric trisulphide) ; copper 

— I gCuas", and m^ignetic pyrites^ 5PeS, P6aSa = POvSs, 

which may be expressed graphically, thus : — 

S == Fe Fe Fe Fe Fe Fe Fe = S 

! . ^1 

(Penta-ferrous diferric octasulphide). 

Besides these ores, iron is found in nature in combination with 

arsenic and sulphur, in mi8picA;eZ n j^^ ;Fe,Fe*^Sa; with chromium as 

{'Cp"'0 810"^ I 

i^^iiy^Feo" ; with silica as chloropal^ SlO-FojO^, 
^^ _ SIO^II 

dOHa, and maOT other silicates ; as sulphate, in green copperas or 
green vitriol^ SOHoaFeo", 60Ha; as phosphate in vivianiie,* 

* ContainB also ferric phosphate, PaOaFefO^, 80H], to which the blue colour 
of Jthe mineral is due. 
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PtOtFeo'V 80Ht (triferrons phosphate), and others ; as absenute, 
in 9COTodUe^ ASsOaFeaO^, 40M,, and others. 

REACTIONS IN THE DBT WAT. 

On heating the different ferric componnds before the blowpipe, 
they torn black and become magnetic ; when heated in the (mter 
flame, on a borax bead, iron compounds impart a dark red colour to 
the borax, whilst hot, becoming ilvht jellow, when cold. In the 
reducing flame thej give an oUre sreen to botUe sreen bead. 

The i^aactions with micTOOOsmio salt are similar bat less distinct* The pre- 
sence of Co, Cu, Ni, Cr conceals the colour of the iron bead. Ferric sulphides 
. lind arsenides must be roasted, previous to being introduced into the borax bead. 
When heated with OONaoj on charcoal in the reducing flame, metallio iron is 
obtained as a magnetic powder. 

BEACTIONS IN THE WET WAT. 

Iron forms two series of salts : viz., febbous and febbio salts. 
It dissolves readily in dilute acids, such as HGl, SOsHoi, forming 
ferrous salts, PeCla, SOaFeo", with evolution of hydrogen. Cold 
dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferrous nitrate and a small amount of ammonic nitratOi 
thus: — 

4Fe + 10 TtOJELo = 4 1 5oI^®^" + lTO,Amo + SOH,. 

The metal iron exists in all these salts in the dyad condition, but 
exhibits a marked tendency to pass into the tetrad condition. 
Jlxposed to the air, PeCl* and SOaFeo" absorb oxygen and are g^ra- 
dually converted into ferric salts. The same change is produced by 
the action of various oxidizing agents, such as CU, Brs, Ii, GlNao, 
KOsCl in the presence of HCl, If OsHo, If 0,Ago, AaCl„BgCl>, 
BflblaOsKoi, CrOjKos, and others. We jpoasess therefore in ferrous 
compounds pow&ffvl reducing agents. 

The tetrad condition appears to be the natural state of existence of the metal 
iron. This is rendered evident, moreoTer, by the limited number of ferrous com- 
pounds which exist in nature. The latter must be yiewed as unsatisfied bodies, 
which, under faTourable conditions, depriye other bodies directly or indirectly 
of oxygen, to form ferric compoimds. Dyad iron, Fe'', (called fsrrotum) has 
two bonds Utent, which it is eager to satisfy, so as to become conyerted into the 
more stable tetrad iron, Fe*^ {or ferrieum), m which condition it occurs in nature 
in combination with sulphur only, as FeSs, without forming any corresponding 
oxygen, chlorine, etc., compounds. Two atoms of tetrad iron are iuTariably 
linked together in ferric oxide, chloride, etc., whereby iron becomes a pseudo- 
triad element. It is possible to combine, by artificial means, three atoms of 
oxygen with one atom of iron, so as to form ferrates, as in potaasio ^Brrate, 
WBOfKof, in which compound tiie iron exists as a hexad element. 

This condition of the metal iron may be represented graphically, 

hus: — 

N / 
Dyad iron -Fe-, e.a., in PeCU, PeO, PeS. 
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Tetrad iron -Fe-, or pseado-tiiad iron, -Fe — ^Fe-, e.g.^ in 
/I i I 

' 1 'Fe"'CV 1 'Fe'"S ' 1 '1^"'0 ' lastly aa 

V 
Hezad iron -Fe- or =Fe= e.g.. in Ve^OsKoi* 

'^ II 

A. FerroiM eoiiipiiii]iAi«^We employ ▲ SOLUTION OF FBBBOUS 

SULPHATE, SO^eo". 

• V SAmi (vrvap-resseat) gives a hlcuk precipitate of ttrwonm 
■Blphlde* PeS, insoluble in alkalies and alkaline snlphides, deoom- 
posed by dilute hydrocUoric acid with evolntion of SHs. The moist 
precipitate absorbs oxygen &om the air, and is rapidly converted 
into ferrous snlphate, and lastly into yellow basic feme sulphate, 
mth evolation of much heat. (This oxidation constitutes a frequent 
cause of the spontaneous inflammation of pyritical coal (which con- 
tains P^rOs) on board vessels). 

SH] does not precipitate neutral or add solntionB of fextmu lalti ] ferroo* 
acetate eyen U only partially precipitated. 

KHo, NaHo, or AmHo precipitates from ferrous salts (free from 
ferric salts) white ferrous hyArmte, PeHoi, which turns rapidly to a 
dirty green colour, and ultimately becomes reddish hroumf owing to 
absorption of oxygen from the atmosphere. Ammonic salts par« 
tially prevent the precipitation, and AmHo gives but a slight pre- 
cipitate in a ferrous solution containing a sufficient amount of 
AmCl. 

OONaos, OOKos, or OOAmoj precipitates white ferrous earboHttlOf 
GOFeO'^ which becomes rapidly ozidused when exposed to air* 

E^iFeGvs (potasale Herroeyanlde) produces, by the replacement ot 
Ka by Fe' , a hhiish'white precipitate of tfpotaMle ferrous ferro- 
ejanlde, KsFe^'FeCyc, thus :— 

SOiFeo" + K4FeCy. = KaFe"FeCys + SO,Eb>. 

Bluish-white 
precipitate. 

insoluble in hydrochloric acid. The light blue precipitate is rapidly 
converted into a da/rh hlae precipitate, or Pmssiui Mae, either by 
exposure to the air, or more speedily by an oxidising ageni^ 
thus: — 

4K»Fe"FeCy, + 201. = 3FeCy„2Fe,Cye + 4iKCJl -f EliFeOys- 

ProBsian blue. 

E«FeaCyi2 (potassle ferrleywdde) produces a dark hlme precipitate 
of tHferrons «lfenrie doAeeaeyanlde, Fe"s 'Fe"'aGyu (Tim»idl*s btae), 
insoluble in hydrochloric acid, thus : — 

3S0,Feo" + KsFejCy,, = Fe",Te"',Cytt + 3SO,Ko,. 

iNimbull's blue. 
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NaHo or KHo deobmposes both preoipitateB with formaiion of 
alkaline ferro- and ferrioyanidei, and ferroua and fiarrio hydrates, 
thus: — 

(1) KaFe'TeCJyfl + 2KHo = KiFeCje + FeHo,. 

(2) 3FeC7i,2FesC7« + 12NaHo = SNa^FeCjc + 2FeaHo». 
(8) Pe",'Fe'",Cy« + 6NaHo = NaJPe,Pyn + SrWEo,. 

These precipitates oannot fiarm, therefore, in an alkaline 
solution. 

G^Ks (potaMle soiplioejaBale) gives no indioationy if the ferrous 
contains no ferric salt. 



B. Mrrte esmpMntfs. — ^We employ a solution of F£BRIc Chlo- 
ride, Te^Cl^ = { ipS'S- 

SAm* (srvvy-TeaceBt) produces a black precmitate of ferrous 
solpUtfe, VeS, mixed with S, thos :— VeiGU + SBUm, = 2FeS 
+ S + 6AmCl. 

On dissolving the black precipitato in dilnte hydrochloric acid, 
solphnretted hydrogen is evolved, and white insoluble sulphur is 

left. (DlSTINGTION BBTWSBN FBRBOUS AND FEBBIO SALTS.) Sulphur 

is not capable of forming a ferric sulphide in the wet way ; native 
sulphides exist, however, viz., FeSt and PeiSs, which are insoluble 
in dilute hydrochloric add, but dissolve with evolution of SHi in 
the presence of metallic zinc. 

8H3 does not precipitate VeiCl« ; its hydrogen acts as a reducing 
agent upon the ferric saJt, converting it into 2VeCls and 2HG1 ; white 
sulphur being precipitated, which renders the solution of the fer- 
rous salt milky. 

KHo, NaHo, or AmHo precipitates the reddiih hroum liertfe 
liTtfrate, POiHoc, insoluble in excess and in ammonic salts (except 
COAmos). Non-volatile organic bodies (0.^., tartaric or citno 
acid, sugar, etc.,) prevent its precipitation by AmHo, but not by 
SAma. The precipitate retains with great tfoiaoity small portions 
of the fixed alkalies. 

CONaos, COKoi and COAmos produce the same precipitate 
with evolution of carbonic anhydride. 

K^FeCye gives a fine blue precipitate, 8FeCyi, 2FesCy«, known as 
Pnustan blue, thus :— 2reiCl« + 3E:«FeGy, =s dFeGya,2F^Gy« 
+ 12KG1. Insoluble in hydrochloric acid ; decomposed by KHo 
or NaHo ; soluble in oxalic acid ; soluble also in excess of ^iFeGys, 
to a blue solution. 

K«FeiGyi9 produces no precipitate, but the yellow colour of the 
ferric soluiaon changes to reddUK brown, 

GyEs (p«taMle solplMieyaiiale) gives a dark red or blood red 
colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric add. The sensitiveness of the reaction 
is heightened by shaking the solution containing mere traces of a 
ferric salt with ether. The lilood red ierrte solplMejaBate, Gy«FeiS^, 
being soluble in ether, becomes thus concentrated into a small bulk 
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of liquid. The colour of tlie liquid is readilj destroyed by SgGl2 
(also by tartaric or phosphoric acid). 

Thk oonfirmatoTy test should inTaiiablj be applied, because ferric acetate, 
when heated in presence of acetic acid, gives likewise a deep red ooloration, 
which becomes lighter coloured on cooling. 

Ammonie suceiiiate or ben&oate precipitates ferric, but not ferrous salts, 
as ferrte aaednate or henmmute,* The ferric solution should be perfectly 
neutral. Salts of FeO, KnO, OoO, HiO, ZnO are not precipitated. 
(Mbthod of sbpabatiov of Fe*^ fbom Mn, Ni, Co, Zn.) 

Precipitated and well washed iMurIc or calele carbonate, suspended 
in water, precipitates ferric salts (not ferrous salts), as ferrte hy- 
drate, PeaHo«, with evolution of carbonic anhydride. The reagent 
is added to the ferric salt in the cold and well shaken up witli it, 
till the reddish hrovm precipitate acquires a whitish appearance from 
excess of the alkaline earthy carbonate. 

COBao" separates in like manner the higher chlorides of (Mn, Co) 
Cr and Al from the lower chlorides. In order to separate ferric 
from ferrous compounds, or ferric, chromic, and aluminic compounds 
from ferrous, zincic, manganous, cobaltous, and nickelous salts, it is 
necessary that these metals should all be obtained in the form of 
chlorides, when, on the addition of COBao", the respective hydrates 
are precipitated from the ferric, etc., chlorides, whilst ferrous chloride 
and the chlorides of Zn, Mn, Ni, and Co, are not affected. Air has 
to be excluded as careMly as possible ; and the reaction should be 
performed in a small flask, filled nearly to the neck with the liquid, 
and kept well stoppered, after the evolution of CO2 has ceased. 
(Method for separatinq Fe*'' (Al*^ and Cr*^) peom Fe", Zn", Mn", 
Ni"andCo".) 

The precipitate is filtered off and dissolved in hydrochloric acid ; 
the barium is removed by means of SOsHo2, and the iron, etc., pre- 
cipitated by AmHo. 

Tannie as well as vallte aeld (tincture of nut-galls) produces from neutral 
ferric salts a hlmsh black precipitate (ink)^ readily soluble in acids. 

A very delicate reaction consists in adding a few drops of a solution of potas- 
sic ferricjanide to a dilute solution of a ferric salt, and next a few drops of a very 
dilute solution of stannous chloride, 811CI3. A blue precipitate indicates the 
presence of iron, thus : — 

(1) FejCl^ + "KJ^efijia gives no precipitate, but merely a dark brown 

coloration. 

(2) FesCle + SnCls « 2reCl3 + SnCU. 

(3) SFeCls + KeFesPyu = Fe",FejCy„ + 6KC1. 

Tumbull's blue. 

A ferric salt when coming in contact with certain bodies (especially bodies con- 
taining some latent bonds) which possess a stronger affinity for oxygen, chlorine, 
etc., than the ferric compound, acts towards such bodies as an oxldlxlnv mvent. 
Thus S^^'OHo] is converted into 8'^02Ho3 ; KI gives off iodine ; Sn'^Cls is con- 
verted into 8n*^Cl4 : SSONaoj (sodic hyposulphite) is oxidized to SOjHoNao. 
Iron and zinc readily reduce ferric to ferrous salts. 

* The formulfls of these compounds will be explained under the respective 
acids. 
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C. Ferrle anbytfrMe, Fe^s, or ferric acid, Fe'^Hoj, containing hexad 
iron, has neyer been obtained in an uncombined state. The alkali salts only are 
known and are obtained, like the alkaline manganates, bj fusing iron filings witli 
nitre. Ferrates are decomposed far more readily than manganates. 

QUESTIONS AND EXERCISES. 

1. Mention compounds illustratiye of the djad, tetrad, and hexad nature of iron. 

2. Enumerate some of the most important iron ores used for the extraction of 

iron in this country. GKtc constitutional and eraphic formul». 
8. Which are the more important sulphides of iron r Q-iye constitutional and 

graphic formule. 
4. Qiye the graphic formuls of cAloropal, chrome iron ore, green eopperae, and 

vitfianUe. 
6. How is iron detected in the dry way ? 

6. What takes place when iron is dissolved in HCl, in SOfHos, or in dilute 

VOsHo ? 

7. Explain the change which takes place when FeCla is acted upon by atmo- 

spheric air, by chlorine, KOjCl and HCl, WOsHo, BgClj, AuClt, and by 
BKUsOfKos and HCl. Express the changes by equations. 

8. Give graphic formuls for ferric chloride, ferric hydrate, ferrous srdphide, 

dipotassic ferrate. 

9. Explain the action of SHs and SAmj upon ferric salts in ncid solutions ; 2% 

in neutral or alkaline solutions. 

10. How does KiFeCy^ and KeFejCyia enable us to distinguish between ferrous 

and ferric salts ? 

11. State why KeFcjCyu, in the presence of SfllCls, produces a blue precipitate 

with rorric salts. 

12. Explain the action of CyEs upon ferrous and ferric salts. 

18. Explain the action, V of | qqHo' ^ ^^ ^^^' ^ ^^ ^A^eOjt upon Prussian 

blue. 
14. What change is produced when FesCl* is brought together, 1% with 80s ; 2*, 

with Sna, ? 
16. Explain the action of metallic iron or metallic zinc upon SaOcFejO^. 

16. How would you prepare dipotassic ferrate ? Explain the action, 1°, of water ; 

2% of HCl upon it. 

17. How much hydrogen gas by weight and volume (at 0* C. and 760 mm.) is 

obtained when 10 grms. of metallic iron are dissolved in dilute hydro- 
chloric acid P 

18. How much sulphurous anhydride gas by weight and by volume is required 

to reduce 1'824 grm. of ferric smphate to ferrous sulphate ? 

19. Calculate the percentage composition of FeSj. 

20. The value of a ton of Sicilian sulphur (containing 94 per cent, of S) is £6, 

that of a ton of iron pyriteM^ FeSj, containing 46*5 per cent, of sulphur, 
£1 \0». 6d, Ascertain which can be more profitably worked in the manu- 
fiicture of sulphuric acid, having regard merely to the respective sources of 
sidphur. * 

21. How much metaUic iron is required to manufacture one ton of crystallised yrvMi 

vUriol ? 

22. '482 grm. of brown haematite ore gave '350 grm. of Fe^Oa. What is the 

percentage of metallic iron in the ore, and what the percentage of Wown 
haematite present ? 

23. How is Fe^Os separated from FeO ? Describe two methods. 

24. How would you separate FeaOs from Zn", Mn", Ni", and Co" ? 

26. Why is it preferred to precipitate Fe^Cle by means of AmHo, instead of KHo P 
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OHBOHXnM, (V, *^ and ^. — Thau element it oompnttthrely rax^. 

{CSrO 
^v^qFco", and oro- 

caisUey CrOaPbo". Chromio oxide oonstitates the oolonring matter 
in mbj, green serpentiney etc. 

BEACTIOirS IN THB DBT WAT. 

Glirominm componndB are readilj reoog^zed by the very 
oharacteristic sreen colonr which the oxide impartfl to horaa and 
microGOsmic salt, especially in the reducing flame. Finely powdered 
chroine iron ore, when fused in a platu^nm spoon or cmcible with fonr 
times its weight of hydric potassic sulphate, and then with the addi- 
tion of an equal bulk of nitre and COKoi (equally mixed), yields a 
yellow man of potaMle tihronuite, CrOsKoi, wnich is soluble in 
water. 

BIACTIONS IN THE WET WAT. 

Chromic salts can be prepared from the yellow CrOaKos, or the 
red dipotassio dichromate, CTtOsKoi, by heating with dilute hydro- 
chloric acid and adding alcohol, drop by drop, when the yellow 

solution changes to a deep gpreen solution of Cr2Gl« s 'Cr^'TL* 
in which the Cr exists as a tetrad element. 

A lower chloride, GrCls, has been prepared in which Graots m a dyiMcl element \ 
but as it has to be oarefolly kept from the air to prerent its beoominc rapidly 
oxidised, and as it is of no real practical use, a passing notice of it will suffice. 

Chromium is capable of forming three series of compounds* 

Chromons componnda Chromic compounds Ohromates 

oomainlaff dyM Cr. ooatsiniiig cetnd Or. oontsinliiK hand Or. 

Cr"Cl,. 'Cp"'aCl4. Cr^jKo,. 

Cr"0. '€a^"»0,. Gt^iPho". 

Ci^'Ho,. 'Cp^'sHo,. 

of which we purpose studying only the two latter. 

A. ciironde c*iiipiiiui«s.-^We employ A solution of Chbomio 
Chloride, CraCl«. 

SAms (srvap-reaceBt) precipitates hlmsh green diramle bytfrnte, 

CriHo«, insoluble in excess. 

AmHo precipitates the hytfiwie, somewhat soluble in excess, the 
fluid acquiring a pink tint. The precipitation is complete on 
boiling. 

KHo or NaHo, same precipitate, readily soluble in excess to a 
green solution; reprecipitated by long-continued boiling or on 
adding AmCl, whereby the fixed aJkali is removed as ECl or NaCl 
with substitution of AmHo. 

* The intermediate oxides, i QrCp^" (ohromooa dichromic tetrozide), and 
OrOs (chromic dioxide) cannot be considered here. 
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CONaoi and COAmoc |^ye greenish preoipitates of itaale 
(varying in composition), somewhat solable in excess. 

COBao" precipitates baale eartMiiate. The precipitation takes 
place in the cold, but is completed only after long digestion. 

Chromic compounds may be recoffnised also by converting the 
chromic oxide into chromic acid. This may be accomplished : — 

1st. By boiling a solution of CrtCU ivith PbOs and KHo caf 
NaHo. The reaction which takes place, and which is indicated by a 
change of colour (from green to yellow), may be expressed thus :— 

(1) CrsGl« + 6EH0 = CrJSL(H + 6EC1. 

Soluble in 
excess of £E[o. 

(2) CrJSos + 8FbO» ^ 2CrO J^m" + VbO. 

Soluble in Soluble in 
KHo. KHo. 

On acidulating the solution with acetic acid, a precipitate of 
plumbic chromato, CrOsPbo" is obtained. 

2nd. By boiling a solution of CTsCU with NaHo and sodio hypo- 
chlorito, CINao, thus : — 

CTsHo. + SGlNao + 4NaHo = 2CrO,Nao, + SNaCl + 50H,. 

Yellow disodic 
chromste. 

B. Cluromle aaliy«rl«e, Cr^s- — Chromic add, CrOsHo», com- 
bines with KHo to form two salts, the normal^ orydlow ehromate^ 

(CrOtKo 
CrOsKoi, and the orange red dUhromcUe^ < O , isomorphons 

(CJrOtKo 
with the corresponding sulphate and disulphate. 

The anhydride may be propared by slowly adding to a oold saturated solution 
of the red di^otassio dichromate 11 times its bulk of concentrated snlphurie 
acid, and allowmg it to cool slowly. OlOg crystallises out in brilliant crimson 
red prisms. The mother-liquor is poured off, and the crystals placed to drain 
upon a porous tUe or slab of unglased porcelain (biscuit) and kept coyered with 
a Dell-jar. They must be presenred in a weU-stoppered botUe. 

Chromic anhydride is one of the most powerful oxidizing agents 
known ; two molecules of CSrOs can yield three atoms of oxygen, 
according to the equation :— 

C!rO, = CPaO, + O3. 

The metal chromium appears to ezisi in nature mosUy in the tetnd and 
hezad state, as a glance at its natural compounds will show. Chromium differii 
howerer, in a marked manner from iron and manganese, which can likewise exist in 
the tetrad and hezad state, by forming more stablB hezad compounds (chFemates)» 
whilst in perchromic add, on the other hand, the metal chromium appears to 
hold the ozygen less firmfy than manganese holds it in permanganic add. 
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Eeactions fob CrOi based upon its Oxidiziko Action. 

A SOLUTION of dipotassic dichbomate, CrjOftKoa, may be em- 
ployed. 

SHj, in the presence of free hydrocKloric acid, reduces the orange 
red solution to a green liquid, sulphur only being precipitated, 
thus: — 

CrjOjKo, + 8HC1 + 3SH, = CrjCU + 2KC1 + 70H, + Ss. 

SAma, added in excess to a solution of an alkaline chromate or 
dichromate, precipitates dirty green hjilrated chromle chromate. 
On boiling, the whole of the chromium separates a^ green ehraude 
bydrate, tiius : — 

C!r,OftKoa + SSAm, + 70B[a = CrjHo* + Ss + 2KHo + 6AmHo. 

In the one case the H« of the SHa acted as the reducing agent ; 
in the other the (NH4)a of the SAma. 

SOHoa, in the presence of a little free SOaHoa, reduces the 
dichromate to chromic sulphate, thus : — 

CraOjKoa + SSOHoa + 2S0aH0a = SsO.CraO^ -^ S0aKoa + 5OHa. 

Chromic sulphate and potassic sulphate constitute potassium 

SOaKo-i 

SO ^ ' 
chrome alum, or (dipotassic chromic tetrasulphate) Si-.' _ CraO^. 

OUa — I 
SOaKo-l 
( COTTft 

I COH (®^''^® add), in the presence of free acid (dilute sul- 
phuric acid), produces the same reaction, carbonic anhydride being 
evolyed. Six molecules of COa become the measure tor one mole- 
cule of dipotassic dichromate. Tartaric and citric acid act in like 
manner. 

SOaKo"! 

&,05Koa + 3 J gg|^ + 5SOaHoa = SoS^'''^ + ^*'^» + ^®^«' 

SOaHoa (concentrated) reduces the dichromate, on the application 
of heat, with evolution of oxygen and formation of potassium chrome 
alum, thus :— 



{ 



CrOaKo 2n=l 

O + 4SO,Ho, = Ho'Cr.o'' + 40H. + O,. 



HCl (concentrated) evolves chlorine, and the hydrogen combines 
with the three available atoms of oxygen in the dichromate, thus : — 



{ 



CrOaKo 

O + I4flCl = CraCle + 2KC1 + 70Ha -h SCla. 

CrOaKo 



GHROMATES. 173 

' . JLSsOs (in a hydiochlorio acid solution) is converted into 
AsOHo,, thus :— 

CrO,Ko 

O + 3AaHo, + 8HC1 = Ch-tCU + 2KCi + SAsOHo, 

CrOaKo + 40H,. 



{ 



SnClj, SbCla, PeCli, Zn (Fe, Sn, etc.) in the presence of dilute 
HGl reduce likewise chromates or dichromates. 

Reactions for CrOs pboduced by Double Decomposition. 

Chromates of the alkalies and alkaline earthy bases (with the 
exception of baric chromate, CrOjBao'',) also of manganese and 
copper, are soluble in water ; all other chromates are insoluble, but 
dissolve readily in dilute nitric acid. 

BaCls, added to a solution of a normal chromate or dichromate, 
gives a light lemon yellow precipitate of iMurle chromste, Cr03Bao", 
even in very dilute solutions ; insoluble in acetic acid, readily soluble 
in nitric or hydrochloric acid, and reprecipitated by AmHo. 

fCH. 

I CO 

\ gmQ Fbo" (plnmble aeetate) gives s^Jme lemon yellow precipi* 

ICH. 
tate of plumMe Aromate, CrOaPbo", soluble in KHo, sparingly 
soluble in dilute nitric, insoluble in acetic acid. 

If O^go (arffentle nttrate) gives a dark purple red precipitate of 
tfUursentlc cbroBuite, CrO^AgOa, soluble in nitric acid and ammonia. 

f CrOaAgo 
From weak acid solutions dljurseatle dldurommte, < O , is pre- 

(CrOaAgo 
cipitated. 

Il^'Hgso'' (iiiereiir»iis nitrate) gives a dark brick red basic 

precipitate of CrOHg2o"Hg2o", which on ignition is converted into 
oxygen, mercury, and fine green CfaOs. (Method of ssfabatino 
Chbomio Acid fbom Chromic Oxide.) 

On bringing together a little chromio acid with hydric peroxidoi O9H], in an 
aqueonfl solution, a deep indigo-blue solution is produced, owing probably to the 
formation of pbbchsomic acid, in which chronuum plays the part of a pseudo* 
octad element, analogous to permanganic acid. 

A solution of perchromic add decomposes, howeyer, rapidly with evolution of 
oxygen, leaving OrOsHoj ; and its constitution is yet doubtful. A solution in ether 
is &r more stable than an aqueous solution. It is obtained by adding ether to a 
very dilute solution of OsHj and then a drop of a dilute solution of a chromate. 
On shaking up gentlv the ether takes up the whole of the perchromic acid, and 
acquires an intense blue colour. Mere traces of OrOj can be discoyered in this 
manner, or nice vend the smallest quantities of OiHj. 

QUESTIONS AND EXEBCISES. 

1. Which is the most important chromium ore ? Qive symbolic and graphic 
formula. 
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2. How u ohiominm detadtod ia the dry way P 

8. What aiudoffy eziBts there between chrome iron ore and chromoiiB dichr(Npio 

tetrozidef 
4. Besoribe how diromic ohloride or sulphate is obtained fixmi an altaiHne 

chxomate. 
6. Oiye symbolic and graphic fonniiltt for dipotassic chromate and dichromate^ 

and trace their analogy with the corresponding sulphates. 

6. Describe the reactions by double deoojnposition which you can produce with 

chromic compounds. Give equations. 

7. How can chromic compounds be oouTerted in the wet way into ehronatesf 

Give instances and express the changes by equations. 

8. How is chromic anhydride prepared P 

9. Give instances of the ozidixmg action of dhromio add. Express the changes 

by symbolic equations. 

10. What is the composition of potassium ckrome alum P State shortly by what 

processes it is prepared mmi chrome irom ore, 

11. You hare given to you oxalic, hydrochloric and concentrated sulphuric acids, 

dipotassic dichromate and water. State how you would prepare OOs, O, 
or CI gas from these materials, and express the changes by equations. 

12. What is the action of nascent hydrogen upon alkaline chrcmiatee P Gtye 

seyeral instances and express the chuiges by equations. 
18. Besoribe some of the most characteristic reactions for chromic acid produced 

by double decomposition. Give equations. 
14. How would you distmguish between chromic oxide and chromic add occurring 

in one and the same solution P 
16. Which chromates are soluble and whidi are insoluble in water P 

16. What eyidence is there for the existence of perehromic add P 

17. How can we test for mere traces of hydric peroxide P 

18. Calculate the percentage composition of potassium chrome alum, containing 

24 molecules of wator of crystallisation. 

19. How can Cr be separated from ereiy other metal of Group m, except Mn P 

20. How can OTjO, be separated from W\ Zn'\ Mn'', Ni'', Co'' salts P 

21. 1*600 grm. of chrome iron ore yielded 2*95 grms. of GrOsPbo'. What 

percentage of Cr does the ore contain, and how much dipotassic dichromate 
can be manufactured from one ton of the ore P 

82. 1*2 grm. of a sample of sodic chromate yielded with < Sq^q 'SO gnn. of 

CO]. What percentage of chromic anhydride did it contain P 



ALTTMINITTMy Al'[ and ^.— One of the metallic elements which 
occurs most abtmdantly in natnre, both in the form of the oxide and 
as an important constituent of many minerals, in combination with 
SILICA, with SULPHURIC, PH08PH0BIC, and Other acids ; and in the form 
of FLUORIDE in cryoUte^ and the rare topaz. For a liist of some of the 
more interesting alnminic compounds the student is referred to 
** Lecture Notes," page 179. 

REACTIONS IN THE DRY WAT. 

Alumina, when heated on eharooal, is distinguished from other 
earths by its property of assuming a beautiful blue colour, after 
being moistened with a solution of cobaltous nitrate aud ignited once 
more strongly. This test becomes inapplicable when coloured 
oxides, such as X^Oi, BKnO, etc., are present^ in which case re- 
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oowse must be had to the fnnwm'n>tioii in tiie wet way, in order to 
dieoover AlsQi. 

BSAGTIONS nr THB WBT WAT. 

We employ ▲ solution or ammonivm alum, SiOaAmoiAlsO^, in 
which Al plajB the part of a tetrad (pseudo-triad) element, or of 

alumimc chloride^ < *X^»"f!l!' 

SAms gives a white geUUm&tu precipitate of alUMlnie hytfrnte, 
AltTTo t, solphTiretbed hydrogen being evolyed, thos : — 

840»Amo»Al,o'^ 4- 38Am« + 60H, = AJtHo, + 4SOsAmos 

+ S8H,. 

KHo or NaHo* prempitates the hjimie, readily soluble in excess, 
reprecipitated by excess of Am 01, or by AmHo, after neutralization 
of the alkali by hydrochloric acid. The alkaline solution is not 
precipitated by 9Am«. 

AmHo precipitates the bytfrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonic chloride, and on boiling. 

CONaO] or OOAmos preotpitatM baole f ■*>■■■< ti of unoertain com- 
podtion. 

COBao" precipitates AlsHo« mixed with teste salt, very slowly 
in the cold. 

POHoNaoi gives a bulky tohiie precipitate of aiuMlnle pbesghate, 
VsOtAlaO^, insoluble in AmHo and AmCl ; soluble in NaHo, like the 
hydrate (AniCl reprecipitates the phosphate from the soda solution), 
and in acids, but not in hot acetic acid (Distinction of AJaOs from 
Aluminic Fhosphatb). Alkaline acetates precipitate PsOsAl^o^ 
from its solution in mineral acids. 

In order to decompose aluminio pfaoepbate {e^.y in the minenl wttoeUU^, 
]p40(Als0^12OH^, it IB best to fuse the finely powdered mineral with li part 
of finely diyided SiOa and 6 parts of OONaoi, m a platinum crucible, for about 
half an hour. The mass is digested for some time with water, and OOfloAmo 
added in excess ; it is then filtered and washed. The residue consists of aluminio 
and sodic silicate, the solution contains the sodic phosphate. Dissolye the residue 
in dilute hydrodilorie acid, and eyaporate to orjness to separate SlOj, and 
filter. The filtrate may be tested for Al in the usual way. 

Alumina occurs mostly in minerals which are not soluble in 
acids. Boiling with concentrated sulphuric acid attacks many ; all 
are, however, decomposed by fusion with 8O3H0K0, or with fdiaion 
mixture, and become readily soluble in water, or in dilute hydro- 
ehloric acid (compare Chapter XIX). 

Powder np some porcelain rerj fiiiely,ttnd fuse lor half an hour in aplatmum 



* Potaasie or sodic hydrata is mostly awtaminated with alomina, dariyed 
during the manoiaoture nom porcelain yassels, etc, and it is, therefore, abso- 
lutely necessary to employ pure KaHo (prepared from sodium) for the separation 
of Fe and AL It must luewise be recollected that NaHo acts destructiTelT upon 
porcelain and glass yesaels ; tiie precipitate should, therefore, not be heiSted 
Wger than is nacessaiy for its complete precipitation. 
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cnioible with four times its weight of fusion mixture. Extract with water. 
Transfer to a porcelain dish, acidulate with hydrochloric add, and evaporate to 
dryness. Take up with a few drops of concentrated hydrochloric acid and hot 
water, and filter ; wash the insoluble SiOa well with hot water. The filtrate 
XK>ntams the aluminium as AljCls, from which it can be precipitated as usual. 

Almninic silicate is often found in natore associated with potassic 
or sodic silicate, as in felspar (dipotassic aluminic hexasilicate), 
Si60eKo3Al20^, and alhite, Si608Nao2Al2O^. In order to test fot 
potassium and sodium, alkali salts must^ of course, be carefully 
avoided. This can be done by making use of hydrofluoric acid. 

Introduce a small quantity of finely powderedy«2fpar into a platinum crucible 
or dish ; treat with liquid hydrofluoric acid, and eTsporate at a gentle heat in a 
cupboard which is connected with the chimney. HF attacks the SiOs, forming 
sihcic fluoride, SIF^ — a volatile compound — and leaves the aluminium and 
potassium behJad as fluoHdes readily soluble in dUute hydrochloric acid :— 

SleOsEosAlso'^ + 82HF » 6 8IF4 + 2S:F + Al,Fe + I6OH3. 

The decomposition is generally only completed after two or three evaporations 
withHF. 

QUESTIONS AND EXERCISES. 

1. Enimierate some of the more important aluminium minerals ; give constitu- 

tional and graphic formulie. 

2. How is AlsOj detected in the dry way ? 

8. GKve equations for the reactions of aluminium in the wet way. 
4. How is foaveUite examined for alumina ? 
6. How \b felspar examined for alumina ? 

6. How can insoluble aluminium minerals be rendered soluble in water or 

acids? 

7. Explain the action of HF xxponfeUpar and cUbite. 

8. How can AljOs be separated from Fe^O. ? 

9. How is AlsO, separated from Fe'', Zn'', Mn'', Ni'', Co" compounds P 

10. Calculate the percentage composition ot felspar, 

11. What changes take place when ammonium alum is strongly ignited P 

12. How can JUjOs be distinguished from PgOjAlso^ ? 

The separation of the metals of Ormip III is surrounded by some 
difficulties, on account of the unavoidable complication which arises 
from the possibly simultaneous precipitation of — 

1st Sulphides, viz., HiS, Ck>S, MnS, ZnS, FeS. 

2nd. Hydrates, viz., CraHoe, AlaHoe, and 
3rd, Phosphates of Cr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment, 
whether phosphoric acid, in combination with the above metals, is 
present or not in the solution under examination. 

This can readily be done by adding AmCl, AmHo, and SAm^ 
to a small portion of the solution (or to the filtrate from Group 11). 
On dissolving the precipitate which these reagents produce in dilute 
hydrochloric acid, with the addition of a few crystals of KOjGl, and 
adding a solution of ammonic molybdate,* a yellow precipitate is 

* For the preparation of this reagent see Appendix. 
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obtained (especiallj on digeeidng for some time at a gentle heat), 
showing ihe presence of phosphoric acid. K no precipitate is 
obtained, the solution need onl j be examined for Ni, Go, Mn, Zn, 
Fe, Al, and Or. 

I. PhMphorto acM Is absent. — ^This is sufficiently indicated, if 
the original substance dissolved readily in water. K insoluble in 
water, but soluble in dilute acids, phosphoric acid may likewise be 
absent from the substance, but not necessarily so. 

It would Appear at first sight that the deportment of the five sulphides and 
two hydrates with ammonic chloride and amnionic hydrate, sodio or potassio 
hydrate, or dilute acids {ex. gr.^ HCl), would enable us to separate the members of 
this group, or several of them, from each other. We haye seen for example that-^ 

1st. Nij COf Mn, 2Sn are notpreapUated hy AmSofrom a eoUdion coniaining 
large excese of AmCl; whUst ^OsHoe, OrjHog, and AljHof are preoipUaied, 
It has, howerer, been found that the mode of separation, based upon this solvent 
property of ammonic chloride, gives very impNerfect results ; since the Fe^Hoe 
carries down yarying quantities of the other oxides, especially on exposure of the 
solution to the air, when hisher oxides of manganese, etc., are formed which are 
not soluble in ammonic chloride. Small quantities of Ni, Co, Mn, and Zn are 
thus frequently overlooked altogether. It is only by redissolving the precipitate 
and reprecipitating several times over with AmCl and AmHo, till the ffltrate 
gives no loneer a precipitate with SAms, that iron can be separated from man- 
ganese, etc., m this manner. 

2nd. Thai Zn^ Al and Or are predpUaied by KHo or NaHo, but are eoUtble 
in exeeae ; whiUt the other metaUic h^dratee are inaoluble. From this it would 
appear that these three metals can be separated by means of the fixed alkaline 
hydrates. But it has been found that wejiost ViHoj, GoHot, XnHos cany 
down appreciable quantities of ZnHoj and — more especially the FesHoe preci- 
pitate^of OrjHoe, and that a complete separation cannot be eff'ected by pre- 
cipitation with KHo or NaHo. 

drd. Cold dilute hydrochloric <»cid does not dieeoloe GoS or IVIS to any great 
extent, but diseohee the other sulphidee and hydrates. This method, if practised 
with care, gives good results ; small traces only of OoS and WIS being generally 
dissolved out. But as it leaves the iron, aluminium and chromium still to be 
separated from manganese and zinc, no saving of labour is effected thereby in the 
separation of these seven metals. 

In finely divided, freshly precipitated iMurle earlioBate, COBao", 
Vfe possess a reagent which separates the lower oxides, vm., ZhO, BKnOy 
mo, Ck>0 (this latter not quite so perfectly), from the higher oxides, 
viz., VOiOs, AlaOs, and CraQa. The metals should be first obtained 
as chlorides. 

The examination of the predpitaie produced by COBao" is based 
upon — 

1st. The sohibiUty of iLlaHot in NaHo. 

2nd. The conversion of €Sr%Ot into tSrOi by fusion with sodic oar' 
honate and mire, or by boiling with OlNao^ or with VbOs in an 
alkaline solution. 

The examination of the^^^o^ is based upon — 

1st. The solubility of ZnHos in sodic hydrate. 

2nd. „ „ BKllS in acetic add. 

8rd. The formation of solvhU E^cCoaCyta one? the predpitaiion of 
Ni as black If iaHoe by ClNao or chlorine. 

Directions for the separation of these seven metals will be found 
in the analytical tables under Group IUa. 

M 
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EXEltOISES ON GROUP HIa* 



FBAOnOAL BXEBOISES* OK aSOUPS IIIjl, IY and Y. 

Ymi are requested to analyse— 

1* A solution of ferric chloride, ammonium alum and manganous chloride, con- 
taining 'SOOffrm. of Fe, *050 grm. of Mn, and *050 grm. of AL 

2. A solution of SOsNio'' and lls04Coo^, containing -060 gnn. of Ki and -010 
grm. of Co. 

8. A mixture of the solid salts : nno white, green yitriol and potassium alum f 
both in the dry and in the wet way. 

4. A solution of SOjZno" and potassium chrome alum, containing '600 grm. of 
Or and 060 of Zn. 

6. A mixture of potassium chrome alum and green Titriol (about '050 grm.), in 
the dry way onlr. 

6. A mixture oonsistmg of ferric oxide, manganic oxide and sincic oxide oon* 

taining -060 grm. of FejOs, -010 ffrm. of KnOs and -100 grm. of SnO ; 
to be examined in the dry way only. 

7. A sample of dolomiU, for Fe'' (Mn) Oa and Kg. 

8. A sample of aUe tpar^ for Fe'^ and Mg. 

9. Samples of iron ores, e.^., red k^BmalUef ftrocm MttmaHte^ magfkeUc irom o»v, 

martial psfriieif to be examined for water and sulphur only. 

10. A sample of ealaminet in the dry way only. 

11. A sample of ehromt ir<m or» for chromium in the dry way only. 
18. A sample of ma^netie iron ore for Fe", in the wet way. 

Tabulate the reactions produced by AmOl and AmHo, NaHo or SAmt 
with the members of Group IIIa, according to the following scheme — 



Beagent. 


Al^.. 


Or A. 


FeA. 


SnO. 


MnO. 


XIO. 


OoO 


AmOl, 
and 
AmHo. 


A white gelatin' 
one precipitate 
of AlsHoe, 
slightiy soluble 
in excess, re- 
precipitated on 
tM>iling. 














NaHo. 


Ditto, soluble 
in excess. 










1 
1 

1 


SAmji 


A white gelatin- 
ousprecipitate 
of AljHoe, in- 
soluble in ex- 
cess. 


- 








1 
1 

1 



with the main view of fixing upon the memory the solubility or insolubility of 
the precipitates in excess of the reagents. 

II. Phoaptaerte AeM la present. — The original snbBtftnce wad 
either insoluble or only partially soluble in water, but soluble in 
hydrocliloric acid. In this case Am CI and AmHof prodnoe a pre- 
cipitate, before SAnia is added ; the precipitate may possibly consist 

* These exercises may of course be yaried, and should be looked upon merely 
as indicatiye of the course to be pursued. 

t If AmOl and AmHo should sire no precipitate, it is obvious that no phos- 
phates and no Fe, Al and Or need be looked for. 
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of If IS, Ck»S, Bins, ZnS, FeS, AliHo., CrsHo., as well aa the 
phosphates of (Cr), AI, Mg, Ga, Sr, Ba. 

It is obvious that anLmomc phosphate is formed hv the decoin* 
position of the phosphates of the metals Ni, Co, Mn, Zn, Fe (if pre- 
flent) bj SAmi— AmCl and AmHo precipitate these phosphates 
without decomposition — which, in its turn, would act upon any 
soluble sails of Mg, Ba, Sr, Ga, and precipitate phosphates of these 
metals, although none may have been present onginalljr in the 
aaline mixture. An example will make this clear. Let us suppose 
that the substance under examination consists of COBao", VaOsGao"t 
and ViOsFe^o^. On dissolving in hydrochloric acid, baric chloride 
is formed, and the calcic and ferric phosphates are dissolved without 
decomposition. On adding AmGl and AmHo, a yellowish white pre- 
cipitate of PsOaFesO^ and PsOaGao"s is obtained, whilst BaGlt is 
not precipitated. On adding, however, the AmGl and AmHo, as well 
as Che SAmi, to the solution, PaOsFcaO^ is decomposed into FeS and 
POAmoa, which latter, by acting upon the BaGU, would precipitate 
baric phosphate. In order to avoid this, the precipitate produced in 
Group III by AmGl and AmHo, which contains for the most part 
the whole of the phosphates, is filtered off, and SAma added to 
the filtrate ozdy. The two precipitates are washed separately, 
transferred to a porcelain dish and boiled with a little SAma, whidi 
decomposes the metallic phosphates (possibly also some PeaHoe) ; 
leaving the phosphates of the earths and alkaline earthy bases (if 
any), as well as tne hydrates of Gr and Al, unchanged. The insoluble 
residue is filtered off and washed with hot water (to which a little 
SAma has been added to prevent oxidation of PeS, etc.); the 
filtrate is tested for phosphoric acid by means of AmGl, AmHo and 
SOaligo". A white crystalline precipitate shows that phosphoric acid 
was present, in combination tmih the meicUs precipitdble as gtUphides. 

The residue ia dissolved in a little hot hydrochloric acid (with 
the addition of a few crystals of potassic chlorate, if necessary). 
Add some ammonic moljbdate to a portion of the hydrochloric 
solution and heat gently. In the absence of a yellow precipitate, 
no phosphates of (Gr), Al, Ba, Sr, Ga^ Mg need be looked for ; and 
the solution may be examined according to Table IIIa ; whilst a 
yellow precipitate indicates that phosphates cf the earths or alkalvne 
eoHhy bases are present, in addition to the metallic phosphates. 

Add an excess of a solution* containing sodic acetate and strong 
acetic acid : PaOaFcaO^, (as well as PaOaGraO^ and PaOaAlaO^, u 
present), are precipitated. Any phosphates of ihe alkaline earths 
left undecomposed by the ferric chloride, are held in solution by the 
acetic add. To the filtrate add PeaGl«, drop bv drop, as long as a 
precipitatef is obtained, and till the colour of the supernatant liquid 

* For the preparation of this solution see Appendix. 

t PhoBphaites of the alkaline earihj bases must be absent, if W%fiU produoes 
no precipitate with a portion qf the acetic acid eolmtion, and no ferric nit need then 
be added to the filtrate. (The presence of iron, other than phosphate, is generallj 
indicated hy the reddish colour of the filtrate.) In this case AT and Gr will like* 



N 2 



180 SEPARATION OF THE METALS OF GROUP HIb. 

becomes distinctly reddish. Digest at a gentle heat ; allow to snb- 
side and filter. In this manner the whole of the phosphates of the 
alkaline earthy bases are decomposed, with formation of PaOaFozO^, 
insoluble in acetic acid — (which precipitate may be neglected), and 
tshlorides of Mg, Ba, Sr, Ca which remain in solution, together with 
the chlorides of Ni, Co, Mn, Zn (and the excess of FeaCU added). 
The precipitate produced by AmCl, AmHo and SAm^, from 
which the whole of the phosphoric acid has been thus removed, can be 
examined according to Tame IIIa. The alkaline earthy metals are 
separated according to Tables lY and Y. It should be borne in 
mind that these metals can have been present in the original sub- 
stance only as phosphates, and the filtrate containing these metals 
should on no account be mixed up with the main filtrate from 
Ghroup III, but should be examined separately. 

It may be of interest, oocasioiiAUy, to ascertain, whether any oxalates of Ba, 
Sr, Oa, and Mg (which are destroyed by eraporation with nitric acid and ignition, 
before prooeeoUng to Group III)| were present in the original mixture, in which 
case the eTaporation to dryness and ignition must be omitted. 

The precipitate produced in Group III by AmCI and AmHo alone contains 
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly 
also silica. The oxalates are decomposed by eently igniting the precipitate. The 
ignited mass is extracted with dilute hydrochloric. Silica, if present, is rendered 
insoluble and may be separated bj filtration. To the acid solution, which may 
possibly contain phosphates of Mg, Ga, Sr and Ba, as well as chlorides of tlie 
oases, present before ignition as oxalates, add AmOl and AmHo and filter o£F. 
The filtrate contains the chlorides of Ba, Sr, Ca, and Mg, and is tested separately 
according .to Tables lY and Y. All Bases so disooysbbd htbt hate been 

PBEBBNT OBIOINALLY AS OXALATES. 

We may, then, sum up by stating that the separation of the 

METALS AND SALTS (PHOBPHATES) PRECIPITATED IN GrOUP IIIb is 

based upon : — 

1st. The insolubUUy of the phosphates of Fe, Al^ a/ad Gr in aceUo 

acid^ in the presence of alkaline acetates. 
2nd. The separation of tlie whole of the phosphoric a/nd which is in 
comhinaMon with the alkaline earthy hasesy by means of FOsCU, 
in am, acetic solution. 
All other operations are identical with those described in Tables 
IIIa, IV, and V. 

A tabular scheme for their examination* will be found in the 
analytical tables, under Group Ills. 

QUESTIONS AND PBAOTICAL EXERCISES ON GBOUP HIb. 

You are reqnest-ed to analyze : — 

1. A hydrochloric acid solution, containing common sodic phosphate, ferric 

chloride, calcic and magnesic chlorides. 

2. A hydrochloric acid solution, containing common sodic phosphate, nickelouB 

sulphate, cobaltous nitrate, zincio sulphate, and ferric chloride. 



* The examination of G^roup IIIb, containing phosphates, may be deferred 
until the student has become acquainted with the reactions for acids. 
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3. A hjdroohloric acid solution of oalcio phosphate, chromic chloride, and 

aluminic phosphate. 

4. A mixture m bone-ash and much ferric oxide. 

6. A mixture containing little ferric oxide and much moffneiUe (or magnetia 
alba) and hane-aak, 

6. A hydrochloric acid solution of common alum and hrdric disodic phosphate. 

7. How would yon recognize alumina in the presence of aluminic phosphate P 

8. Giren a reddish coloured solution (owins to the presence of ferric salts), which 

^res a copious precipitate on the addition of sodic acetate and acetic acid 
m the cold, leaving the solution still coloured. What inference is to be 
drawn from this obsenration P 

9. A solution contains chromic chloride, chromic phosphate, and dipotassic 

dichromate. State how you would distinguish these three chromium 
compounds from each other. 

10. An add solution (HCl) of a mixture, consisting of ferric chloride, baric 

chloride, and common sodic phosphate, retains its reddish colour, after 
precipitation with sodic acetate and acetic acid. What inference must be 
drawn from this, and what would you infer, if the filtrate were colourless, 
but gare no fiirtlier precipitate on the addition of IP^^PU ^ , 

11. You have a solution nyen to you which gives a precipitate with AmCl and 

AmHo. Wtal inference must you draw, if the filtrate gives no further 
precipitate on the addition of 8 Amj ? 

12. You have given to you a concentrated solution of ferric chloride. On adding 

a few drops of a solution of hydric disodic phosphate, a yellowish precini- 
tate appears. Explaih what takes place, Ist When a nortion of the 
solution in which the precipitate is suspended is boilea. 2nd. When 
acetic acid is added, in tne cold, to another portion. Srd. When the pe- 
dpitate is filtered and treated with excess of the hydric disodic phos- 
phate, in the presence of aniTnonia. 



Chapteb v. 
BBACTIONS OF THE METALS OF GROITP H. 

This g^up comprises the metak mebcubt, lead, bismuth, ooppsb, 

CADMIUM, ABSENIG, ANTIMONY, TIN (GOLD and PLATINUM), which are 

Ereoipitated from add solations (HCl) by means of snlphnretted 
jdrogen. 

Mix toffether solutions of MaOcBio''', BgrCls, SOaCuo^ WLCi^ AJhO, (dis- 
solred in HCl), ir304Fbo^ SbCla, SllCls, and 811CI4, and pass a current of 8H3, 
without first fiiltering off the white precipitate which is produced. Filter ; pass 
the gas again through the clear filtz«te, to make sure that the metals hare been 
entirely precipitated. Wash theprecipitate with hot water ; remove a portion 
firom the filter; boil with a little SAm^, and filter off. A black residue is left, 
oonsistinff of BgrS, FbS, BlAi OaS, OdS. The solution contains As^t> 
SbiSa, BUS, and SllSs dissolred by the SAmj. This can be shown by acidu- 
lating with dilute hydrochloric acid, when a yellow precipitate comes down — 
because yellow ammonic sulphide oonrerts SsS into SllSf— consisting of the 
sulphides of As, Sb, Sn. 

This shows that we can divide Group II by means of ammonic 
8ulphide, into two portions. 

The name sulphide^ in its widest sense, is g^veu to all componnds 
into which stdphnr enters as the electronegatiye or chlorons element. 
A remarkable analogy is observable between oxides and snlphides. 
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SULPH0-BASE8. SULPHO-ACIDS. 



There ia a certaixi cIbm of sulphides which resemble metallic oxides 
or bases ; another class which pli^s the part of ozj-acids. Stdphides 
are therefore divided into su^no-ha^es and sulpho-cudds. To the 
latter belong the snlphides of H, As, Sn, Sb (Pt, An) ; to the former 
the snlphides of many metals, especiall j snch of the metals as con- 
stitute powerful bases (K, Na, Am, Ba, Ca, etc.) An electropoeitiye 
or basyions element, which forms with oxygen an oxygen compound, 
combines generally also with the same number of sulphur atoms, to 
form a corresponding sulphur compound, in which the sulphur is 
almost inyariably a dyad. 

The resemblance in the constitution of these oxygen and sulphur 
compounds is further borne out by the analogy in their solubility 
and alkaline reaction. Thus we have — 



0xff'h<ue9, 
OK] Potaua, alkalfai* and soluble. 



OAms Ammonia 
ONas Soda 
BaO Baryta 
OaO Lime 
^•O Ferrous oxide, no reaotioo, in- 
soluble. 
lO Zindc 
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it 
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OxyanhydrideM. 
ABfiz Arsenious anhydride. 



i> 



ABfii Arsenic 
BbjOs Antimonious „ 
8b/)| Antimonio „ 
SnOs Stannic 



AftHoa 
J^iOHo. 
SbHo. 
SbOHoa 
SbOsHo 
04 
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Oxy-€U!idg, 

Aneniottff acid. 
Arsenic acid. 
AntimoniouB acid. 
Antimonio acid. 
Metantimonic acid. 
Stannic acid. 



SK} Potassic sulphide, alkahne and 



SAms Ammonic 
BKas Sodic 
BaS Baric 
OaS Calcic 
Fes Ferrous 

ZnS Zincic 



soluble. 
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it 
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no reaction, 
insoluble. 



ti 



Sulpho'iMnhydrides, 

8 Anenious sulphide, or sul< 

pharseniouB anhydride. 
ABjjPi Axvenic sulphide, or sulphar- 

senic anhydride. 
SbsSs Antimonious sidphide, orsul- 

phantimonioua anhydride. 
SbaSs Antimonio sulphide, or sul- 

phantimonic anhydride. 
SnSs Stumic sulphide, or sulpho- 

stannic anhydride. 

SiUpho'acidt, 

AaHS} Sulpharsenious add. 
AsSHss Sulpharsenic acid. 
SbHsg Sulphantimonious acid. 
SbSHsf Sulphantimonic acid. 
SbSsHs Sulphometantimonic acid. 
8nHs4 Sulphostannic acid. 



BuLpho-saUs are obtained by the mutual action of a sulpho-add 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the* 
alkalies and alkaline earthy metals, are divided into normal sulphides, 
such as SKt, SAm^, 8Naf, BaS; into stUphhydrates (acid sul- 
phides), such as SKH, SAmH, BaHsa ; and poly sulphides, such as 
8sHa, SftKa, SfrAmg. The aqueous solutions of the normal and acid 
sulphides are colourless, and give off SH^ when treated with dilute 
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l^droohlorio acid, withatU aepwraiion of BuIphnMr, Solntioss of the 
polysnlpliides are yellow, or yellowidi brown, and when treated 
witn hydrochloric acid, g^ve off stdphnretted hydrogen, with separa- 
tion of white (or precipitated) sulphur. The number of sulpho-salts 
is small compared with the salts of ozy-acids,' and they are &r leas 
stable than ordinaiy oxy-salts. This arises from thq met that sul- 
phur is comparatively indifferent to chlorine, phosphorus, nitrogen, 
carbon, silicon — ^non-metallic elements which are endowed with a 
powerftQ chemical affinity for oxygen, with which they form in the 
presence of water energetic ozy-acids — and that there are either 
no sulphides corresponding to the oxygen compoimds of these ele- 
ments, or sulphides of a very indifferent nature. The number of 
sulpho-acids is principally restricted to the acids enumerated above, 
and these again combine mostly only with the soluble sulphides 
possessed of an dlkaUne reaction; or, if combined with the sulphides 
of the heavy metals, as in certain minerals, they are readily decom- 
posed by chemical agencies. 

The following is a list of some of the more important sulpho-salts 
compared with the eorresponding ozy-salts :-^ 

0xff'9aU9. Sulpho-salU. 

BnNaO] Disodic Btsxinite. SnNaas DisulphoBodio sulphostaimite* 

SnOKaos Disodic Btsnnate. SnSNass Disulphosodic snlphostaniiAto' 

JLbKo^ Tripotaasio anenite. AsKsg TriflulpUopotasaic aulphane- 

nite. 
AsONaO) Triflodic arseniate. AsSKass Trisalphoeodic Bulpharseniate. 

BbOKb Fotaasio metantimonite. SMKb Sulphopotaasio metasulphanti- 

monite. 
81K>sKo Fotasaio metantixnoniate. SbSsEs Sulpho^tassic metaaulphanti- 

moniate. 

In these sulphur compounds the radical Nas, sodiumsulphyl, occupies 
the place of the compound radical Nao, sodozyl. In like manner 

Ks Potassiumsulphyl occupies the place of Ko Potassozyl. 
Ams Ammoniumsnlphyl „ Amo Ammonoxyl. 

Bas" Bariumsulphyl „ Bao" Baroxyl. 

Cas" Calciumsulphyl „ Cao" Caldumoxyl, 

in the analogous sulpho-salts. 

Instances of some interesting natural sulpho-salts, to be con- 
sidered more fully under silver and lead, are : — 

AsAgsa trisulpliargentio snlpharaenite (prouHUe). 

SbAffSi trisuIpbAi^xitie orthoBulphaiitiinopite (jf^arffyrUe or dark red 
fUver org). 

8b^''(Cii9Fe8"a)s'' sulphoouproao ferroua pjrorolphantiinoiiite (fM ore), 

8bsPb8''s(CiiaS^'' disalphoplumbio Bulphoouprous orthotulpliaxitinuniite 
{fummomte), 

Shfit^h^^V^''^ trisiilphoplnmbie metasolphantiinonite* (Jametomte), 

* This compound may also be viewed as SbsSaPbe" (Bulphoplnmbic metasul- 
phaatimooite) andBb^Fbf'^t (eolphoplimibiopyroralphiMitamomte). 
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Troat another poitkni of the abore 0H3 preeipitaie with KaHo or KHo and 
Alter off. A black residue is likewise left, and on adding dilate HCl to the 
filtimte, AbA* BbiSs, SnS and SnS, are repreci^iitated. 

This shows that the hydrates of the dllcali metals dissolve a por- 
Hon of the sulphides precipitated by SHj in Group IL The faUowisg 
equations ezplain the action of the alkaline hj(&ate8 :— 

SbtS, -I- 6KH0 = SbEs, + SbKo, + 80H,. 

Antimonioos Trisulphopotassio Tripotassic 

nilphide. sulphantunonite. antimonite. 

ASsS, + 4KHo = AsHsKs, + AsHoEo, + OHv 

Arsenious Sulphhjdric Hjdric dipotassio 

snlphide. disulphopotassic arsenite. 

•nlpharsenite. 

28nS + 4KHo = SnEs, + SnEo, + 20H>. 

Stannous Disulphopotassic Dipotassio 

sulphide. sulphostannite. stannite. 

2SnS, + 4NaHo s SuS^Nas, + S&ONao, + OH, + 8H„ 

Stannic Disulphosodio Disodio 

sulphide. sulphostannate. stannate. 

Addition of hydrochloric acid reprecipitates the snlphides, thus : — 

SbEs. + SbEo, + 6HC1 = Sb,S, + 6EC1 + 30H,. 

Hence the metals which are precipitated by 8Ha in Group U, 
can be subdivided by means of SAm, or NaHo into — 

A. Metals whose sulphides a>ct as sulpho-haseSj viz., the sulphides 
of Hg, Pb, Bi, Gu and Cd. These are insoluble in ammonio 
sulphide (BgS dissolves to some extent in potassic or sodio 
sulphide; ChlS is somewhat soluble in ammonic sulphide). 

B. Metals whos$ sulphides act as suVpho-adds^ viz., the sulphides 
of As, Sb, Sn(Au,Pt). 

Group n. Subdivision A. 

1. MERCTTRT. Hg''.— Occurs native, but is chiefly obtained 
from ciri/nahar or mercuric sulphide, BgS. 

EXAMINATION IN THE DBT WAT. 

Add a little finelj-diyided lead or lino to a few elobules of meroury on a 
watch-glass. The li<^uid metal mexvuir heoomes thi(» and pasty hj the com- 
bination with the sohd metal lead or iinc. It enters into combination with the 
lead, in the cold, to fonn an amalgam. Other metals combine with mercury only 
when heated. 

The term amalgam is applied to the combinations into which 
mercury enters with other metals. Combinations between metals, 
other than mercury, are called aUoys, This property of mercuiy 
has received an important application in the extraction of gold 
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and silver from poor ores by the so-called amcdgamaMon process. 
Mercury can be separated again by distillation, gold and silver being 
left behind. 

The combination of the metal mercury with other metals is 
obviously due to its liquid condition at the ordinary temperature, 
which fecilitates its being brought into intimate contact with other 
metals. This contact action is materially increased, if the solid 
metals are offered to the mercury in a finely-divided condition, or in 
the form of foil — an amalgam of 4 parts of tin and 1 part of mercury 
is employed for covering looking-glasses — and by rubbing the two 
metals together in a mortar. 

Heat some einnahar in a small flask with narrow n^ek, loosely closed with a 
piece of charooaL Sg19 sublimes without undergoing any chemical change. 

Heat a little cinnabar in a piece of glass tube open at both ends, and ulow a 
corrent of air to pass oyer it Hg is seen to condense in the form of a metallic 
mirror towards the further end of the tube, and 80s makes itself perceptible by 
its odour. 

Heat about two parts of yellow mercuric oxide, BffO, and one part of mercuric 
sulphide, Bg€, in a test tube. Metallic mercuiy sublimes and sulphurous 
anhydride is giyen off, according to the equation : — 

IK^S + SBffO -> Hgi + 80s. 

Introduce some eimnabar into a small tubulated retort connected with a two- 
neokedreceiyerand gas deliyery-tube, and para through thetubulusofthe retort 
a current of air or oxygen from a gas-holder, and heat gently. A blue flame 
playing oyer the H^Q indicates that combustion takes place. Mercury distils and 
oonde^es partly in the neck of the retort and partly in the receiyer. Sulphurous 
anhydride issues from the deliyery-tube and is readily recognized by its pungent 
odour i or it may be passed into water and the solution tested with litmus-paper. 

This illustrates the mode of extraction of mercury from its 
principal ore. Cinnabar is roasted in a reverberatory furnace, and 
proper provision is made for the condensation of the vapour of 
mercury in chambers and flues. The sulphurous anhydride is 
allowed to escape. 

BgS (as well as SAgs, AUaSs, PtSs) parts with its sulphur 
when roasted in the air, and yields the metal : it is in fact reduced to 
the metallic state by oxygen^ owing to the weak affinity which exists 
between the metal mercury and the non-metal sulphur, and owing 
likewise to its weak affinity for oxygen, on account of which the 
BgO (and OAgs) first formed gives up its oxygen again to a fresh 
quantity of BgS (or SAga). 

Hydrogen and carbon, copper, tin, zinc, etc., reduce BgS at a 
high temperature, forming with the sulphur SHa, CSa (carbonic 
disulphide), ChlS, etc. The native BgS is, however, best reduced 
by the action of strong bases, such as lime or soda. 



a little cinnabar with dzr OONaoi, and heat in a little tube, sealed up 
at one end, or blown into a small bulb. BietaUic mercuiy sublimes and forms a 
mirror in the cold part of the tube ; the sulphur is fixed by the alkali metaL 

RBACmONS IN THE WET WAT. 

Mercury forms two series of salts : mereiirviiB aad mereiirie talta. 
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It disBolyeB readily in nitric acid, even in the cold ; forming mer- 
cnrons nitrate, if tne meronrj be in excess, and meronrio nitrate, if 
the add be in excess. These salts have the composition : — 

Meronroiis Meroorio 

nitarate. nitrate. 

Mercorons salts oontain BgsO ; mercuric salts, BgO. 

MercoiaoB oxide. Mercorio oxide. 

The oxygen atom being in the one case linked to two atoms of 

the dyad mercury, thus < ^^ yO, the mercury atoms being held 

together by one of their bonds as well as by the bonds of the oxygen 
atom ; in the other to one atom, thus : Bs=0. 

Mercurous oxide exhibits a tendency to combine with another 
atom of oxygen, or when exposed to heat, to part with one atom of 
mercury and to become converted into mercuric oxide. Hence we 
possess in mescurous salts powerful reducing agents. 

On account of the insoluble chloride which mercurous salts form, 
we shall consider its reactions in connection with the reactions for 
silver and lead in Group I. 

In order to study the reactumB of mercuric salts, we can either 

employ a. soLxmoN of mescubic nitrate, wq'^^^^'^ or mescubic chlo- 
ride, BgCU (corrosive sublimate). 

SHs (sronp-rcasent) added to BgCla gives a black precipitate 
of mcrenrle tnlplilde, BgS. The precipitation is marked by cha- 
racteristic changes of colour. Accordingly as sulphuretted hydrogen 
water is added in small quantities, or the gas passed slowly through 
the solution, it produces at first a perfectly white precipitate, and on 
the addition of more SHs, a yellow precipitate which passes through 
dirty yellow to brown and becx>mes black only when excess of SHs 
has been added to the mercuric salt. The white, yellow or brown 
precipitate consists of vaiying quantities of BgS and BgCls. It 

rBgci 

may be represented by the formula < S'' (dlmerenrlc ralpkotf • 

«lilorlde). BgS is insoluble in nitric or hydrochloric acid and in 
ammonic sulphide, potassic hydrate or potassic cyanide; soluble, 
however, in aqua regia and in potassic or sodic sulphide, in presence 
of sodic hydrate. 

SAms g^ves the same precipitate. 

NaHo or EHo added in excess produces a yellow precipitate of 
merearic oxide, BgO, insoluble in excess, unless the mercuric solu- 
tion contains much free acid. 

AmHo produces a white precipitate of mereurie salt and 
known aa the *' whiU precipitate.^* 



\ 
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WA J + HgCl, = 2(lfH,Hg"Cl). 

Hg / Mercmammonio 

chloride. 



CONaos or COKoi giveB a redditk brown basic precipitate. 

KI gives a bright red precipitate of MCFcntlc toOMe, Bgli, 
sohible either in excess of potassic iodide or of tiie mercnric salt. 
Bgli as well as BgCU sablime unchanged. 

KGj gives with mercnric nitrate (not the chloride) a whUe pre- 
cipitate of MerciiHe eyaaMe, BgCyz^ soluble in excess ; not decom- 
S^sed by boiling with alksJies or alkaline carbonates, but only by 

Mercnric saUs are readily reduced to mercurous salts : — 
8nCls (stauem chloride) gives with mercuric salts a white 
precipitate of Mercmin cblerlde, Bs^CU, which when boiled with 
excess of the reagent, is reduced to grey metallic mercury. On pouring 
off the solution and boiling the grey precipitate with HCl, the 
mercury is obtained in little globules. 

SOtFeo" (ferrom sulpbate) reduces ^^ Hgo", but not BgCla^ 

to the metallic state. 

Gu, Zn, Fe precipitate metallic mercury from mercnric solutions, 
provided they are not too acid. 

Mercuric salts act the part of oxidizing agents : they are first re- 
duced to mercurous salts, and finally to metaUic mercury. 

QUESTIONS iJH) EXSBCISES. 

1. MThat ia imdentood by the temu Mi^Ao-ioif , sulpho^aeid, mlpkfhtaU t 

& Define normal sulphides, snlphhydiates, and polysulphides, and state how 

they can be distinguished by treatment with HCl. 
8. Give instances of sulpho-salts together with the corresponding oxy-salts. 
4. Write out the graphic formuLe of a few sulpho-salts and of the minerals 

bouiangerite, jtMnetoniteyfahl ore. 
& Which metals form sulphides capable of acting as salpho-adds, and which 

form basyloufl sulphides P 

6. Write out the formidsB, both symbolic and graphic, for the pezBulphides of 

the metals K, Na, Ba, Ca, Fe. 

7. What changes take place when the sulphides of As, Sb, and Sn are boiled, 

1st, with SAm J, 2nd, with NaHo P Express the changes by equations. 

8. Q-ire the graphic formule of cinnabar, dimercuric sulpho^chloride, olwkUe 

preeipUate and of mercuric nitrate. 

9. Write out the symbolic equations for the reactions which mercuric nitrate 

giyes with the group and special reaeents. 

10. Gakolato the percentage composition of white preeipUate* 

11. How mueh metallic copper will hare to be dissolved, in order to precipitate 

2 grms. of Hg firom a solution of mercuric chloride P 

12. Explain why the dyad condition appertains to one atom of mercury and to 

the double atom. Qiye pioo£i of the atomicity of mercury in mercurous 
and mercuric compoimds. 

13. How is corronve mUmate mann&otuxed| and whence does it derive its 

nameP 
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14. 1*6 ffrm. of Bi^^a is precipitated ae Sgfl and collected on a weighed 
fflter. How much br weight of Bg^ ihoald there he obtained P 

16. Omtabar is sometimes found adulterated with red lead, red oxide of iron, 
brick-dust. State how tou would disooyer the adulteration. (No sepa- 
ration of the impurities nrom each other is required.) 

16. What reaction takes place when mercury is acted upon hj concentrated sul- 

phuric acid P and hy what consecutire stages is the product of this reac- 
tion conyerted into white pree^ntate J 

17. How much metallic mercury wUl 100 Ibe. of einma har yield when distilled 

with limeP 

18. What is the percentage composition of an amalgam containing Sn4Hg P 



2. LEAD, Fb'' and >^— Only a slight precipitate of FbS is for 
the most part obtained in Group II, since the greater part of the lead 
is removed in Group I as VbCU. It happens frequently that this 
small quantity of lead is not precipitated by SHs, on account of the 
solution being too acid (HCl) or too concentrated, in which case a 
little lead is found in Group III, and is often mistaken for some 
other metal. It is necessary therefore to dilute a portion of the 
filtrate from Group II considerably and to pass a current of 8Hs 
through, in order to make sure of the presence of lead, especially so, 
when lead has been discovered in Group I ; and, if a precipitate be 
obtained, to pass the gas once more through the whole of the filtrate, 
after having diluted it considerably with distilled water. 



8. BISMUTH, Bi'" and\ —This metal is principally found native; 
also in combination with oxygen and sulphur, as biemvih ochre, BisOa, 
from the decomposition of bismuth glance, BizSs, and in the form of 
Bulpho-salts, as kobeUite, Bi2pb8"s (trisulphoplumbic orthosulpho* 
bismuthite), and as needle ore, BlsPbs"a ('Cu'aSs)" disulphoplum* 
bico-cuprous orthosulpho-bismuthite. 

EXAMINATION IN THE DBT WAT. 

The metal bismuth fuses with ease, both in the reducing and 
oxidizing flame of the blowpipe, covering the charcoal with an 
incrustation of oxide, oranse yellew, whih hot, lemon yellew, when 
cold, passing at the edges into a blulsli white. The incrustation can 
be dnven m)m place to place by either flame, without colouring 
the outer flame. (Distinction from Lead). Heated with borax or 
microcosmic salt, BiaOs gives beads which are yeUowiah, when hot, 
and colourless, when cold. All bismuth compounds can be reduced 
to the metaUic state by heating on charcou with CONaoi, in the 
inner or reducing flame. The metallic bead is brittle. (Distinction 
FROM Lead and Silver beads). The incrustation is yellow. 

examination in the wet WAT. 

Bismuth dissolves readily in nitric add, forming If sOeBio'''. A 
solution of this salt is conveniently employed. 



{ 
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8Hs (gmawmTtmgtmi) giyes a hrowrUsh black precipitate of 
Usmnthoiis tnlpbide, BIsSs, insoluble in alkalies and in alkaline 
snlphideti ; soluble in concentrated nitric acid. 

Alkaline tiilphldes give the same precipitate. 

KHo, NaHo, and AmHo produce a white precipitate of bis* 
■mthoiis liydnite, BiHoa, insoluble in excess ; on boiling it turns 
yellow, I.e., it becomes anhydrous (BltOs). 

COAmot or CONaoa tlurows down a white &tt2% precipitate of 
feasto earbonate (bism/uthyUc ca/rhonaie)^ CO (BiOa)'s, graphic 
formula : — O = Bi— O — C — — Bi = 0, in which the compound 

II 

radical blsnintliyi, BiO, acts the part of H in Ho. The precipitate 
is insoluble in excess. 

CfsOsKot gives a yellow precipitate of imole eiuwauite 
ChrO,(BiO,)' 

readily soluble in dilute nitric acid, insoluble in 

_CrOa(BiO,)' 
potassic hydrate. (Distinction from plumbic chbomatb.) 
SOsHoa gives no precipitate. (Distinction from Lead.) 

KI produces a hrowt precipitate of bUaintlieiis ladlde, Blgla, soluble in 
excess. 

KCy produces a white precipitate, insoluble in excess, soluble in adds. 

Bismuthous salts are partially decomposed by water^ a basic salt 
being precipitated. The addition of free acid redissolves the preci- 
pitate. This constitutes the most characteristic reaction for bis- 
muthous salts. The salt most readily precipitated is the chloride 
(BiCls). It can be prepared from the nitrate by precipitating the 
oxide first, and then filtering and dissolving the precipitate off the 
filter with dilute hydrochloric acid. Excess of acid should be 
avoided. 

OHa ^ves with BiCls a white precipitate of bUmutiiein exyeUA- 
lide, BiOCl, which is almost absolutely insoluble in water, but 
soluble in hydrochloric acid, frx>m which it is reprecipitated on the 
addition of ammonic or sodic chloride. BlOUl is insoluble in 
tartaric acid. (Distinction from Antimony.) 

Metallic zinc precipitates bismuth frt)m its salts. 

Bismuthous salts exhibit a tendency to form basic salts, 
showing that BlaOa is a very indifferent and weak base. 

There are several other oxides known, e.g., bUmntlile oxide 
or anliydrlde, BlaOs, which parts readily with two atoms of oxygen, 
when acted upon by heat or reducing agents. 

QUESTIONS AND EXSBCISES. 

1. How can Bi be seimrated from Ag, Pb, or Hg ? 

2. Express in sTinbolic equations the reactions which a bismuthous salt gires 

with different reagents in the wet way. 
8. Q-iye the graphic formule for bismuthous nitrate, bismuthous oxide, bi§muth 
glance, bismuthous oxychloride. 
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4. Gftlcmlate the pnosntege oompocition of m alio/ of 

1 atom of Pb, 
1 atom of Sn, and 
8 atoms of BL 
6. 1*246 srm. of Mifinm obtained from 10 ex. of a solntion of normal bis- 
mu&ona nitrate. How mnoh metaUio bismuth doea a litre of Uie bismuth 
solution oontain P 



4. COPPER, Cu''. — This metal is fotuid native ; also in combi- 
nation with OXTQEN and sulphur, as red copper ore or ruby ore^ ChlaO, 
as vitreous copper or copper gUmce, CmS, and indigo copper or hhie 

copper, ChlS ; more frequently as copper pyrites i p^s (^^3s)"t 

(diferric caprons t^trasnlphide), and variegated copper or horsqflesh 

{Fa 
p^(Cu»St)"3, (diferric tricaproua hexasulphide) ; also as 

fahl ore, houmonite, etc. ; in combination with carbonic acid, as basic 
carbonate, malachite, CO (OCnHo)'), and azurite, mountain Hue, or 

CTToP-nn" 

copper azure^ CHoCno"^^^" * ^*^ sulphuric acid, as hhie vitriol^ 

803Cno",50Ha; with phosphoric ACiD,eiSpho8phorocalcite, libethenite; 
with ARSENious acid, as tennantite; silicic acid, as dioptase, and 
others. 

examination in the dry WAT. 

Copper minerals form a very numerous class of ores ; and as 
many of tbem exhibit precisely similar blowpipe reactions, a know- 
ledge of their physical character is indispensable to enable the 
student to distmguish readily between them. It is advisable to 
examine the doubtful ores in the wet way also. 

The most characteristic reaction in the dry way is thai which 
copper compounds give, when heated in a bead of borax or micro- 
cosmic salt before the blowpipe flame. The bead is sreen whilst 
hot, Mne on cooling, (Comp. Exp. 89.) Most copper compounds^ 
when heated on platinum wire in the inner flame, impart an 
tnteiise sreen colour to the outer flame. All copper compounds 
are reduced when heated in the inner flame on charcoal, together 
with CONaO} and KCy, yielding red metallic scales. Sulphides 
give off SOa, when roasted in an open tube, and leave CaO behind. 
Malachite or azurite gives ofi" water and carbonic anhydride when 
gently heated in a tube. Blue vitriol loses water, sulphurous anhy- 
dride and oxygen, and leaves cupric oxide. Gupric phosphate, 
arseniate, and silicate fuse to coloured glasses. 

Metallio copper is not affected in the dry air at the ordinary temperature, 
but is readily oxidized when heated in air or oxygen (comp. Exp. 16) and oonyerted 
into black cupric oxide. Hydrochlorio acid diesolres copper but slightly, forming 
OniClt ; nitric acid is the most aotiye solyent for copper (as it is for Ag, Hg, Pb . 
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aa&d Bi), formitig euprle nitrate (oomp. Bxp. 67). StQplmrie acid (oonoentrated) 
diBeolvet copper, on heating, with eyolution of SOs, and formation of SOsOao^ 
(pcanp, £zp. 64). 

SOsHoa acts here the part of an oxidising acent. Thii method of preparing 
•nlphnrous anhydride gae u frequentlj employed in the hibontorj in pre&renoa 
to other methode. 

EXAMINATION IN THE WET WAT. 
A BOLUTION OF CUPBIC SULPHATE, SOaCuo'', OB GUFBIO NITRATE, 

^(\ Gtjo", may conyenientlj be employed. 

8Hs (sronp-rcaseiit) gives a hroumish black precipitate of enpite 
SDlplilde, CaS, insoluble in dilute sulphuric or hydrochloric acid ; 
slightly soluble in ammonic sulphide ; soluble with decomposition in 
ni&c acid; completely soluble in potassic cyanide; insoluble in 
Bodic sulphide or caustic alkalies. CaS is rapidly oxidized to 
SOsCuo" by exposure to the air ; it is insoluble in hot dilute sul- 
phuric acid. 

SAms produces the same precipitate, somewhat soluble in excess, 
especially in yellow ammonic sulphide (SftAmj). 

NaHo or KHo gives a light hhie precipitate of enprle liTtfnitey 
C11H02. The precipitate turns black on boiling and becomes denser. 
Three molecules of CuHos lose two molecules of OHs and leave 
3ChlO,OHa (graphic formulaH-0-Cu-O-Cu-O-Cu-O-H). 
In the presence of many organic substances, such as grape sugar, 
etc., the precipitate dissolves to a deep blue solution, whence the 
whole of the copp^ is reprecipitated on boOing, in the form of bright 
red eaprona oxide, ChlsO. 

CONaos produces a greenish blue iMsle carlioiuite, of the com« 

position CO (OCu" Ho)'a, graphic formula 0=c/qI^Iq"5» 

carbonic anhydride being evolved. This precipitate is converted on 
boiling into the black precipitate of 3ChlO, OHt. It is soluble in 
ammonic hydrate to an azure blue and in potassic cyanide to a colour- 
less fluid Arming a soluble double cyanide. 

AmHo or COAmoa when added in small quantities, produces a 
greenish blue precipitate of a itaale salt, which dissolves readily in 
excess of the reagents, and forms a magnificent azure bhie liquid, — a 
blue which is perceptible, if a solution contains small traces of copper 
only. The blue solution contains a double compound of eupi 



bydratCf ZT2I ^ 

Cu" 



Hoa, and ammoBlc snlpluite, or ammonio-cuprio 



sulphate, symbolic formula, SHoaAmoa ;»Tu'C)uOa [ , whence the 

black cupric oxide separates on boiling with sodic hydrate. 

This tendency of ammonia to combine with cupric hydrate and to 
form cuprammonic hydrate induces metallic copper to combine with 
oxygen even at the ordinary temperatwre (oomp. Exp. 100). 
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KCy giyes a greenUh yellow precipitate of cupHe cymnMe^ ChtCyit 

soluble in excess. SH3 produces no precipitate from this solution. 

K^eCjt gives a reddish brown precipitate of euprle fcrreeyanMe^ 
CuaFeCye, insoluble in dilute acids, decomposed by potassic or sodio 
hydrate, with separation of SChiO, OH3. Even in very dilute solu- 
tions of copper salts a brownish colour is produced, — ^best seen when 
the reaction is performed on a watch glass, placed on a sheet of 
white paper or in a little porcelain dish. Hence Y^oGjt supplies 
one of the most delicate reactions for copper salts. 

Metallic zinc or iron precipitates metallic copper, especially in 
the presence of a little free hydrochloric acid. If a few drops of a 
i^lightly acidulated dilute copper solution are placed on platinum foil 
(the lid of a platinum crucible), together with a small piece of sheet 
sdnc, the platinum becomes rapidly coated with a reddish film of 
metallic copper, visible even in the case of very dilute solutions, an 
equivalent quantity of the metal zinc being dissolved. 

This simple experiment requires some explanation. Bright copper, as we 
haye already seen, is not attacked by dilate hydrochloric or sulphuric acid. 
Metals such as Pb, Hg, Ag, Au, Pt are also indifferent to dilute hjdrochloric or 
sulohuric acid, whilst zinc and iron are readily diseoWed with erolution of 
hydrogen, the metals taking the place of the hydrogen in two molecules of hydro- 
chloric acid. 

By the aid of yoltaic electricity, howeyer, we are enabled to dissolye 
metals in dilute hydrochloric or sulphuric acid, which are either not dissolved at 
all, such as copper, or dissolve only with difficulty, such as the metal tin. This 
is done by connecting the positive pole of a voltaic battery with a piece of the 
metal to be dissolved, and the negative pole with a platinum wire ending in a 
piece of platinum foil. Both electrodes dip into tiie dilute hydrochloric or 
sulphuric acid solutions. 

Connect the positive pole, a, with a piece of sheet copper or a coil of copper 

wire, placed in dilute sulphuric acid, contained in a glass basin, as seen inFi^. 76. 

^^^^^^^^ The negative pofo 6, consisting of a platinam 

^-^^^^^^Sjll^^^ ^i'® fused to a strip of platinum foil, oips like- 

^/ Wf^m A^^^ ^k ^v— ^i'^ i^to ^he diluto acid, without touching^ 

^_^^H^^E^H^H^^_\ however, the copper. The solution turns blue, 

^||^p|f^^K^^^B|^w > owing to the formation of a blue cupric ealt^ 

^■^^^^^HB^B^^^^ and the sheet of metallic copper or the copper 

Fio. 76. wire dissolves after some tmie. Hydrogen is 

evolved at the negatiye pole. 

This shows that the action of dilute acids upon copper which is nil at the 
ordinary temperature is very energetic when we call voltaic electricity to oar 
aid. 

The reaction will be readily understood, if it be remembered what took place 
when water was decomposed by voltaic electricity in Exp. 29. Hydrogen was 
obtained at the negative and oxygen at the positive electrode, because the latter con- 
sisted likewise of platinum, a metal which has no afllnity for oxygen. Hence both 
constituents of water, hydrogen and oxygen, were eyolved at the respective poles. 
Now, if instead of water, hydrochloric acid be decomposed in like manner, 
chlorine is evolved at the positive electrode. If the positiye electrode consist, 
however, of a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong 
affinity, the latter combines with these metals, the moment it is liberated on the 
positive electrode, or as it is termed in its nascent state {in statu luucendi), and 
hydrogen alone is eyolved at the negative pole. 

If in the place of hydrochloric or sulphuric acid, we employ a dilute solution 
of a metallic chloride or sulphate, ex. gr. cupric sulphate, oO^uo'', and dip the 
two electrodes into it, we observe at the negative (or platinum) electrode instan- 
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taneonaly a red film or deposit of metallio copper, whiUt at the i^OBitire (or nnc) 
electrode, no eyolution of sas is visible, since the metallic zinc is acted upon \^ 
the acid liberated from the copper, and is converted thereby into SO^Zno'. 
An equiralent quantity (65 parts by weight) of zinc remains dissolyed in the acid 
far the 68*6 parts by weight of copper, precipitated on the platinum foil or 
crucible-lid. in this manner the amount of copper present in a solution may be 
determined quantitatiyely. The undissolred zinc and zincic salt are remoyed and 
the platinum with its deposit of copper dried and weighed. The total weight, 
minus the previous weight of the platinum, gives the weight of the metulio 
copper. 

It will be readily perceived that this and other similar experi- 
ments famish yalnable illustrations of the atomic theory, and they 
acquire on this acconnt additional interest. 

Gb'eat interest attaches, moreover, to these chemical changes, on 
acconnt of the important practical application which they have 
fonnd, of late, in covering metals — mostly the common metals — 
with a thin coating of noble metals (electroplating, silvering, 
platinizing), or in producing solid metallic deposits on properly 
prepared matrices, generally consisting of some plastic matenal, snch 
as plaster of Paris, gutta-percha, etc. (electrotype process). 

Pass a voltaic current through a solution of cupric chloride, HqCIs, by means 
of copper electrodes. No chlorine gas is evolved at the positive pole, for it is 
immediately again fixed by its dissolvmg an equivalent quantitv of copper off the 
|)ositive copper electrode. The movement of the molecules of chlorine and copper 
m the solution of cupric chloride cannot be perceived ; it is nevertheless provea by 
the decrease in weight of the positive copper electrode and the increase m weight 
of the negatiye copper electrode, and we mfer from this that the copper is tnms- 
ferred from the positive to the negative pole, although we cannot see the change. 
The deposition of metallic copper continues, as long as the positive electrode lasts ; 
and the saline solution in the decomposing vessri retains its original strength thus 
far unaltered. 

If a properly prepared moidd or matrix of some object be hung in the metallic 
solution and connected with the negative pole of a voltaic battery, copper will 
be slowly but steadily deposited on the mould, as long as the positive pole is con- 
nected with a sheet of copper, acting as the positive electrode in the bath. The 
copper thus precipitated is immediately restored to the bath by the dissolution 
of a fresh quantitr of copper. This mode of depositing copper on moulds or 
matrices by the aid of voltaic electricity is termed the electrotype proceee. 

Employ a solution of argentic nitrate instead of the solution of cupric chloride, 
and introduce the two copper electrodes into the bath. The negative electrode 
is speedily covered with suver, and an equivalent quantity of copper, t.0., 63*5 
parts by weight, is dissolved from the positive copper electrode, and 216 parts 
by weight of silver (2 x 106, silver being a monad element) are deposited on the 
negative copper electrode ; and it results from this, that in the place of the silver 
solution, there must ultimately be left a solution of cupric nitrate. This has 
found a practical application in the eU/cerimg (electro-plating) of artistic articles 
made of an inferior metal. 

Copper, like mercury, forms a lower oxide, CmO, in which two 
atoms of Cu are joined by one of their bonds, and are also linked to 
one atom of oxygen ; it is analogous in constitution to the important 
copper ore, ClliS, thus : — 



f'Hg-o f'Cu'o r'(^«g 



Cn' 

MercuToua oxide. Cuprooi oxide Caprous aulpbide. 

[rtd eopptr on). (copper glamee). 



O 
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Cnprons oxjide is a feeble base; it forms with eonoentraied 
bydrochloric acid cnprons chloride, CllsCla, which is oolonrlesa 
when pnre. Other acids decompose it into metallic copper and 
cnpric oxide, which latter remains dissolved in the acid as a cnprio 
salt. Cnprons chloride attracts ozjgen yery rapidly, and is, there* 
fore, a powerful reducing agent. 

To A SOLUTION OF cuPBOUS CHLORiDS, CUsCls, in concentrated 
hydrochloric acid, add — 

OHa, a white precipitate of ChlaCU is produced. 

KHo gives a yellow precipitate of euproiu liydrate, ChtaHoj, in- 
soluble in excess ; it attracts oxygen very rapidly, being converted 
into cnpric hydrate. 

KI, in the presence of SOHo,, or SOsFeo", precipitates from 
cnpric salts greenish white enprom Iodide, Chlsis, soluble in excess. 
Both sulphurous acid and ferrous sulphate are reducing agents, 
which, by the absorption of oxygen from the cnpric salt, are con- 
verted into SOaHoa and SaOsEesO"^, thus : — 

(1) 2SOaCuo" + 2S0aFeo" = SOaCuao" + SaO.Fe,o^. 

Cuprio Cuprous 

Bulptiate. sulphate. 

(2) SOaCu«o" + 2KI = Chlal, + SOaKo,. 

Cuprous 
iodide. 

QUESTIONS AND EXEBCISBS. 

1. Show why copper is a dyad element. 

2. Express in symbolio equations the reactions of copper in the wet way. 

8. Write out the graphic formuls for malachite, copper glamee, aturUe^ and hUie 

vitriol, ammonio-cuprio sulphate, cuprous iodide. 
4. Explain what takes place — 

1st. When copper is treated with ooncentrated M OsHo« 
2nd. „ „ „ SOaHoi. 

Srd. „ ,f „ xlOl. 

Give equations. 

6. G-iTC instances of the oxidizing action of oupric salts. 

6. What action takes place when the polished blade of a knife is plunged into a 

solution of a cuprio salt P 

7. How much metalhc zinc is required to precipitate 1*5 grm. of copper from a 

eupric solution P 

8. A sample of iron pyrites which has been used for manu&cturingsulphurio 

acid is found on analysis to contain 4*56 per cent, of copper. How much 
metallic iron is required to precipitate the copper from a nydroohloiic add 
solution of a ton of the spent pyrites P 

9. Explain the electrotype process. 

10. What is understood by nascent hydrogen P 

11. What is the percentage of metallic copper in malachite t 

12. How is Cu separated from Ag and Pb P 

13. How can copper in OllS be separated from bismuth in Bl^SaP 

14. What change takes place when metallic copper is heated in air P 

15. How much hydrogen gas (at 0*^ and 760 mm. pressure) is required to 

deprire 10 grms. of ignited cuprio oxide of its oxygen, and how much 
water will be obtained P 
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5. OADMnnC, Od". — This metal is fbnnd in nabure associated 
with zinc, in certain zinc ores, 0.^., zinc blende, ZnS. It is of com- 
paratively rare occnrrence : only one mineral of cadmimn being known 
at present, yiz^ the extremely rare greenoehiie^ CdS. It can be 
distilled like meroniy or zinc. Being more volatile than metallic 
zinc, its vaponr distils oyer first, and bnms with a brown flame 
(brovm blaze), i.e., it is conyerted into cadmic oxide, CrdO. 

Gadminm dissolves readily in acids with evolution of hydrogen. 
It also resembles the metsJ zinc in being dissolved by boQing 
potassic hydrate, hydrogen being g^ven off — 

Gd + 2EHo — CdKos + Ht. 

SXAMINATION m THS DBT WAT. 

Gadminm oomponnds, when heated on charcoal in the inner 
flame, mixed with sodic carbonate, give a characteristic brown in- 
cmstation, i.e., they are readily reduced to the metallic state ; the 
metal being highly volatile, is reoxidized on its passage through the 
outer flame. Cadmium is recognized with more difficalty, when it 
is in combination with zinc, as for instance in cadimferou8 blende. 
By heating, however, a mixture of blende and sodic carbonate and 
potassic cyanide, for a few moments only, on charcoal, a slight 
broton inci*uBtation is generally obtainable, before the zinc is volati- 
lized. CdO turns the bead of borax or miorocosmic salt yeUowish, 
whilst hot^ colowrlesa when cold. 

BSACTIONS IN THB WET WAT. 

We employ A solution of cadmic chlobidb, CdClsi or sulphatk, 
BO,Gdo". 

8Ht (srovp-rMBeiit) gives from dilute solutions a fine yeUom 
precipitate of cateUe snlpiaae, CrdS, insoluble in alkaline sulphides, 
caustic alkalies, or potassic cyanide ; insoliibla in cold, but soluble 
in hot dilute nitric and hydrochloric acids ; soluble also in dilute 
sulphuric acid. (Distinction fbom Gofpeb.) 

8A m» same precipitate. 

KHo, a whdte precipitate of cateUc hydrate, GdHoi, insoluble 
in excess. 

AmHo, same precipitate, soluble in excess. 

COAmoi (free from AmHo), a whiie precipitate of wiiwtn enp- 
tensle, COGdo'', insoluble in excess. 

CONaOf, same precipitate. 

KGy gives a white precipitate of cateUe eymiiUte, CrdGys, soluble 
in excess. Sulphuretted hydrogen precipitates from this solution 
CMS. (Distinction fbom Goppbb.) 

Metallic zinc precipitates cadmium from its solutions. 

QUESTIONS AKD EXEBCISES. 

1. Describe three methods of Beparation of Cd from Ou. 

2. How ifl Od septtnted from Zn P 

ft. How ia Od ■eparated from Pb, Ag and Bi ? 

o 2 



4 

■w 
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4. How xnaoh oadmio sulphide oui be pneparad fiom 10 gmu . of oryflt^UiMd 

cadmic sulphate, SOjCdo^ 40H) P 
6. What takes place when gremtaokUe is roasted io a glass tube open at both 

ends? 

6. How is the metal A*iiminTn conTerted 1* into oxide, 2* into chioride, 8* into 

snlphate? 

7. How can we extract cadminm from its oxide or sulphide ? 

8. You are requested to oonyert 10 ffrms. of cadmio sulphate into cadmio bromide i 

how would you prooeed, and how much OdBr^ should there be obtained P 

Separation of thb mbtals of Subditision A, Gboup n, vis., 

MERCURY, LEAD, BI8MX7TH, COPPER, CADMIUM, WHOSE SULPHIDES ARE 
INSOLUBLE IN AMMONIO SULPHIDE OR BODIC HTDRATB. 

The precipitate produced by the group-reagent SHi, which is 
insolable in ammonic sulphide or sodic hydrate, may consist of aU 
the five sulphides, or only of one, two, etc. A precipitate of a bright 
yellow colour, e.^., would be indicative of cadmic sulphide only. If 
the precipitate be black, it is necessary to examine for all the five 
metals. 

We have already seen that the sulphides of the metals of this 
subdivision are — 

1° insoluble in alkalies and alkaline sulphides, and 

2^ insoluble in dilute acids, or nearly so ; but soluble in concen- 
trated acids. <» 

Concentrated nitric add dissolves four out of the five sulphides, 
viz., PbS, BisSa, CnS, and CdS, with separation of sulphur ; mer- 
curic sulphide being soluble only in aqua regia. Hence by boiling 
with concentrated nitric acid (in the absence of HCl), we can sepa- 
rate mercury from the other metals of subdivision A. We have 
also seen that concentrated nitric acid converts 7b S partially into 
SOtPbo", by the simultaneous oxidation of the sulphur. We should, 
therefore, obtain in the residue BgS, as well as SOtPbo" and sulphur. 
But as the whole*of the PbS can only be converted into SOtPbo", 
by boiling with fuming nitric acid, and as SOtPbo" is slightly soluble 
in concentrated nitric acid, we should not succeed in removing the 
lead entirelv as sulphate. This difficulty is overcome by boiling the 
whole of the sulphides with moderately concentrated nitric acid, 
then diluting with water and adding dilute sulphuric acid (SOsPbo" 
being less soluble in dilute sulphuric acid than in water), and lastly, 
when cold, adding to the solution its own bulk of alcohol (methy- 
lated spirit). A residue is left which may be white, indicative of the 
Presence of SOaPbo", or black, from the presence of BgS and sulphur, 
'he sohdUm contains the metals Bi, Cu, Cd. 

Examination of the Residue. — SOiPbo" dissolves readily in 
certain salts, such as ammonic acetate or tartrate. By treating 
the residue, therefore, with a concentrated solution of ammonic 
acetate, we are able to dissolve out the SOaPbo". The absence 
of mercury compounds may be inferred, if no black but only 
a yellow residue of sulphur, is left, and if no mercury has been 
indicated by the reactions in the dry way. The presence of both 
lead and mercury should, however, invariably be confirmed by 
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special tests ; viz., the lead b^ means of Cr02Ko2, and the mercury, 
by heating the dry residue in a bolb tnbe with dry sodic car- 
bonate. 

Examination of thb Solution. — ^We have seen that AmHo 
precipitates BlHos, which is insoluble in excess, whilst CuHoi and 
CdHo} are likewise precipitated, but are soluble in excess. If a 
white precipitate be obtained on adding AmHo, we infer that bis- 
muth is present. (Should the lead not have been removed entirely, 
some VbHoi would be likewise precipitated.) The precipitate is 
filtered off and well washed, then redissolved in a little hydro- ', 

chloric acid, and precipitated by the addition of water. The ammo- ?!*" 

niacal filtrate is of a fine azure blue colour, when copper is present. 
If colourless, and if^ by the addition of SHt a fine yellow pre- 
cipitate comes down, we infer that no copper is present, but only 
cadmium. K a black precipitate comes down, on passing the gas 
through the alightly acidulated (HCl) solution, we infer the presence 
of copper and possibly of cadmium. These two metals can be sepa- 
rated either by means of K^,(CdS being insoluble in potassic cyanide), 
or dilute sulphuric acid (CuS being insoluble in hot dilute sulphuric 
acid). Filter again ; in the one case copper is left in sohition, in the 
other cadmium. It is not difficult to identify these two metals by 
special tests. 

The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon : — 

1°. The insohibiUty of BgS vn> nitric add, 

2°. Ths formaJtitm of SOtPbo", amd ita soluhiUty in atnmondc 
acetate. 

3^. The insoluhitity of BiHos in excess of ammonic hydraJte. 

4^ . The insolubility of CuS in dihde stuphuric ooui, or its solubility 
in potassic cy amide, 

A tabular scheme for their separation is given in the Analytical 
Tables, Table IL 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP II, SUB- 
DIVISION A, AND THB PREVIOUS GROUPS. 

Yoa are requested to analyze— 

1. A sample of galena, in the dry way only. 

2. A hTdioohloric add solution, containing much mercuric and little plumbic 

chloride. 
8. A mixture of the solid salts, blue ritriol, corrosiye sublimate, and white 

Titriol, in the dry and wet way. 
4. A mixture of the solid salts, plumbic and bismuthous nitrate, in the dry and 

wet way. 
6. A solution containing much baric chloride and little plumbic chloride. 

6. A solution containing cupric, ferrous, and zincid sulpnates. 

7. A solution of cupric, ca^ic, and zincic sulphates, containing *050 grm. of 

Cu, '020 grm. of Cd, and '600 grm. of Zn. 

8. An aUoj of zinc and copper (brass). 

9. A solution of mercuric, plumbic, and bismuthous nitrates, containing '060 

grm. of Hg, '500 mn, of Pb, and -100 grm. of Bi. 
10. A sample of copper glance, in the dry way only. 
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11. A flunple of ^aiacAUB, in the 6rj way. 

12. A solution of plumbic and biamuthouB nitrates (to be distingaished by means 

of OrOjKos and KaHo) . 
18. A solution of plumbic and cuprio nitrates. 

14, What takes place when an ore, containing PbS| CMLS, and SnS, is roasted 

in a current (^ air t 

15. Tou hare giyen to you a solution of cupric aulpbate, dipotassic tartrate, eodio 

hydrate, and grape sugar; what changes can you produce with these 
materials P 



Group n. Subdivision B. 

1. TIN, Sn" and *^. — This metal is fonnd in naturo mainly in the 
form of tinstone or cassiteriie, SllOt, sometimes combined with 
Bulphnr, as tinjpyritea^ SnSa (hell-metal ore). 

EXAMINATION IN THE DRY WAT. 

When tin minerals are fnsed on charcoal, with CONaosand KGy, 
in a strongly rednoing flame, they yield small globules of tin which 
are malleable^ and the charcoal beoomes covered with a white coating 
of SnOf. If this white inomstation be treated with a solntion of 
oobaltons nitrate, and strongly heated, it assumes a hJmeh-green 
colour, which is characteristic of tin. 

By introducing into a borax bead-* in which sufficient cnpric oxide has been 
diffused to render the bead faintly blue — traon of a tin compound and heating 
in the reducing flame, the bead turns reddUh bnmn, or forms a rvly-rsci glass. 

EXAMINATION IN THE WfiT WAY. 

Tinstone being insoluble in acids, must be fused with alkaline 
carbonates and a reducing agent, such as potassic cyanide, charcoal, 
or black flux (ignited Boch^e soZ^), when metallic tin is obtained. 
Tin dissolves slowly in hot hydrochloric acid with evolution of 
hydrogen and formation of SllCU, readily in aqua regia with for- 
mation of 811CI4. Nitric acid converts tin into metastannic acid, 
SiIaOsHoio (see page 84), which by evaporation and ignition is con- 
verted into SnOf. 100 parts by weight of metallic tin when thus 
oxidized, are found to increase to 127'6 by weight (atomio wdght of 
Sn = 118). 

Tin is capable of combining either with two, or four atoms of 
chlorine, eta In stannous chloride, SnCU, the metal exists as a 
dyad, and in stannic chloride, S11CI49 as a tetrad element. It is 
capable of forming ttoo seriet ofealtsy of oandes^ BtUpJUdes, etc., viz. i-^ 

Stannout eompwmdt, Stmimc compmrnd*. 

Bmf'Cl, Stannous chloride Bn^GU Stannic chloride 

8n"0 „ oxide 8il*K)t ^ oxide ^anhydride) 

SOgSno" „ sulphate Sn"^ „ sulphiae. 

Sq^Suo^ „ mtrale 

8n"S „ sulphide. 
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Stannio acid, SnOHos, combineB not onl j with the Btroug aJkali 
bases, OK^, ONai, but even with staimona oxide, SnO, to form 
stannatw, 0.^., SnOKot, dipotassie stannate, SnOSno^t stannoTis 
atannate. 

A. atamimu enHpoiuitfs.'— A SOLUTION OF stannous chlosidb, 
SnCla, is employed. 

8H2 (vmup-reagent) gives a dark brovm precipitate of staaiMnui 
sulphide, SnS, nearly insoluble in normal ammonic snlphide, but 
readily dissolTod by yellow ammonic snlphide, SsAmj : from this 
latter solution it is reprecipitated as yeUow stannio snlphide, SiiSb, 
on the addition of hydrochloric acid ; it is also soluble in potassio 
or sodio hydrate, finom which hydrochloric acid precipitates SnS 
unchanged. Soluble in boiling hydrochloric acid. 

8Amt gives the same precipitate. Soluble in excess. 

KHo or NaHo gives a white 6ttZ% precipitate of staimoiu hydrate, 
SnHos, readily soluble in excess to onKot (dipotassic stannite). 

AmHo or COAmoa, same precipitate, insoluble in excess. 

By far the most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted into stannic 
salts. SnCla combines with two more atoms of chlorine to become 
converted into 811CI4, whereby the chemical afiEbiities of tin for 
chlorine become satisfied ; and stannous compounds may be 
viewed as unfinished bodies, which can deprive certain other 
bodies of chlorine, oxygen, etc. Expressed graphically, dyad 
tin (or stcM/nosum, as it is sometimes called) has two bonds 

left unsatisfied or latent, thus : — CI — Sn — CI, whilst in tetrad 



tin {atanmoum) all the bonds are satisfied, thus : — CI— ^Sn — Cl or 

Hgda ftdded to a Bolution of SllOls prodnoes fint a whUemamtate of 
■Mresrons ehlaii«e» HiTa^s* ^i^d whea boiM with «xomb of dnCIa^ yields 
a greyish powder of metmlllc mereiiry. 

liOsAgo gires with exoess of SnCls a finely dixided black precipitate of 
MCtallle sUver— 

2SnCls -t- 2HOsAgo -> Ag, -► jiQ^Sno'' •»- flaCV 

OllCli is reduced by SnOli to enprans chlarlde, CvsClg, with formation 
of SnOU. 

FesCU yields two atoms of chlorine to SnCli, forming 8nCl4, and leaying 
two molecules of Feds- ^he yellowish solution turns green. 

AuCls gires with SnCls a purple precipitate {pwrpU ofccutku), to which 
the formula, 8nO Auso'' + SnOSno'' -¥ 4A.q, (sometimes yiewed also as Aus •»• 
SSnO^, has been assigned. The change may be expressed thus : — 

2Au01, -f dSnCIs i- 60Hs « Aus -t- SSnOs -t- ISHa. 

This is a most delicate reaction. 
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B. stuuiic eaaipOTaUUk — ^A solution of stannic chloride, SllGU, 
is employed in studying the reactions of Sn'^ in the wet way. 

oH] (sroap-reasent) gives a yellow precipitate of stuuile siik 
phUle, 8nSs, readily soluble in alkaline solphides, potassic hydrate, 
boiling concentrated hydrochloric acid, and aqna regia ; somewhat 
difficultly soluble in ammonio hydrate and nearly insoluble in ammonic 
carbonate. 

SAms, same precipitate, soluble in excess. 

KHo or AmHo produces a white precipitate of stumic hytfrwtet 
SnOHoa, or stantfe aieM, which is completely soluble in excess, form- 
ing dipotassic stannate, soluble in hydrochloric acid. 

COAmoi or CONaos precipitates white stamile aiolA, SllOHos, 
soluble in caustic alkalies. 

Stannic chloride furnishes us, moreover, with an interesting pro- 
cess of precipitation, viz., by means of neutral salts, such as sodic 
sulphate, ammonic nitrate (m fact, most neutral salts). Metastannic 
acid (SlldOsHoio) is precipitated on heating, provided the solution 
of 811CI4 be not too acid, thus : — 

5SnCl4 + 208O,Nao, + 150H, = SiuOfiHoio + 20NaGl 

+ 20SOaHoNao. 

5811CI4 + 20irO,Amo + 150Ht = SllftOsHoio + 20AmGl 

-I- 20irOaHo. 

Metallic zinc precipitates from acid solutions of SnCls or 
811CI4, metallic tin in the form of grey laminsd, or of a spongy mass 
which can be readily dissolved in hydrochloric acid, espeoaUy by 
the aid of a piece of platinum foil. 

Metallic tin or copper reduces 811CI4 to SnCls, thus : — 

SnCU + Sn = 2S11CI,. 

A solution of 811CI3 (containing hydrochlorio acid) cannot be 
kept when exposed to air, without changing rapidly to S11GI4, on 
account of the great attraction which stannous salts possess for 
oxygen, thus: — 

(1) SnCl, + O = 8nO + Gl,. 

(2) SnGla + Gl. = 8nGl4. 

(3) 8nO + 2HG1 = SnGl, + OH,. 

Hence granulated metallic tin or pure tinfoil is usually put 
into stannous solutions, in order to prevent the formation of 

SnGU. 

QUESTIONS AND EXERCISES. 

1. How do yon detect a stannic salt in the presence of a stannous salt ? 

2. GiTe the constitutional and graphic formuhe for metastannic and stannic 

acids, stannous and stannic chlorides. 
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8. How can the oonectnoM of ihe atomic weight of tin be shown experi- 
mentally P 

4. Wh J does a chemical change take place, when Snds and S|^s are heated 
together? 

6. Explain the action of chlorine, nitric acid, and air upon stannoui salts. 

6. How is Sn separated from Ag P 

7. How would jou analyse an ^oy, consisting of Fb, Cu, Bi, Sn P 

8. A Htutone yielded on analysis 75*6 per cent, of metallic tin; how much SllOs 

did it contain P 

9. How much chlorine gas by weight and by Tolume (at 0* and 760 mm.) will 

be absorbed by 10 grms. of Snds P 
10. Express in symbolic formuUe the equations for the reactions, in the wet way, 
of stannous and stannic chlorides. 



2. ANTIMONT, Sb'" and \— This metal is fonnd noHve and 
in combination with oxygen as tohtte anUmonyy SlhOs, bnt more 
frequently as sulphide, SlhSs (grey antimony) y and in combination 
with other metaUic snlphides (^^aS, 7bS, 'Cu'iS), as solphanti- 
monite and snlphantimoniate. 

BXAMINATIOli IN THE DRY WAT. 

On heating metallic antimony or an antimony mineral, 0.^., grey 
antimony with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and 
antimonic oxides are given off which condense on the colder part 
of the charcoal or glass tube, thus : — 

SlhS, + O, = SlhO, + 380,. 

Sublimed. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal in the reducing flame, together with 
CONaot and KCy. A brittle globule of metallic antimony is 
obtained, giving off dense white fumes of SlhOa (even after the 
withdrawal of the metal from the flame), which thickly incrust the 
metallic globule with a network of brilliant acicular crystals. 

EXAMINATION IN THE WET WAT. 

Chlorine attacks antimony violently (comp. Exp. 48), forming 
with it SbCli or SbCl^, according to the proportions of chlorine 
employed, and according to the temperature at which the combina- 
tion takes place. Hydrochloric acid has scarcehr any action upon 
the metal ; aqua regia dissolves it readily to SbCU. Nitric acid 
converts it into a compound, containing SbsOs and SbsOs, insoluble 
in nitric acid, soluble in tartcuric a^nd. Urey antimony ^ SIhSs, as well as 
SbsSs, dissolve in concentrated hydrochloric acid with evolution of sul- 
phuretted hydrogen, the latter sulphide with separation of sulphur. 

Antimony forms two series of compounds by combining either 
with three, or five atoms of chlorine, etc., viz. : — 
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A»Hm<mious eompomuU, 

Sh Cla» AntimoxiioiiB chloride. 
81> 'jOj, „ oxide. 

Sh "2 8s, „ sulfide. 

"'^'OQo Matantimomoiu add. 



AnHmonie eo mp om md g, 

fln^^df, Antimonio chloride. 
Sb^aOt ,, oxide. 

Sb^ii St „ sulphide. 

Sb^OsHo, Metantimonio add.* 



Both these acids can enter into combination with Btron|f bases, 
snch as potassa, or soda, to form weak salts, — metantimoniteB and 
metantimoniates, viz. : — 

S VOKo, Potaaeic metantiinonite. 
Sb'^OsKo, Potaaaic metantimoniate. 
Sb^OiNao, Sodic metantimoniate. 



8b 



^02(8b'"02)' antimonjlic metantimoniate or < 'aMrQ^* dianti- 

monic tetrozide, is formed when antimonio oxide (obtained bj dis- 
solving antimony in nitric acid) is ignited and is of some importance, 
as it serves for the quantitative estiination of antimony. 

A. Antimenloas oompoiuids. — ^A solution of antimonigus chlo- 
ride, SbCls, is employed for the reactions in the wet way. 

8H3 (sroap-reavent) gives an orange red precipitate of antimo- 
aleuB snlpblde, SbsSs, soluble in alkaline sulphides and in potassic 
or sodic hydrate; repredpitated by hydrochloric acid, slightly soluble 
in ammonic hydrate, insoluble in hydric ammonic carbonate, and in 
hydric ammonic or hydric potassic sulphites. It dissolves in boiling 
concentrated hydrochloric acid. 

Temperature and oonoentration of the reagents produce rseiproeal effecte. In 
a dilute nydrochloric add solution the SbClj exchanges its chlorine in the cold 
for sulphur, with precipitation of Slh^f whilst boiling concentrated hydrochloric 
add dissolves SbsSs readily with evolution of SH^. 

8Ams produces the same predpitate as 8H1, soluble in excess. 

ElHo or NaHo precipitates cuntimonumi oxide^ SbsOs, readily 
soluble in excess, with formation of potassic antimonite. 

AmHo, same precipitate, almost insoluble in excess. 

COAmos, COKos, or CONaoa, same precipitate. 

OH3 decomposes SbCls, forming a white insoluble basic salt, 
antimonloiia oxycUoride, 8bOCl, soluble in tartaric acid. (Dis- 
tinction FROM BiSMUTHOus oxYCHLOBiDE, BiOCl). Water therefore 
gives no predpitate with a solution of potassic antimonylic tartrate 

fCO(Sb'"Oa)' 

; and alkalies and alkaline carbonaiea 



(tartar emetic) < 



CHHo 



LCOKo 
produce a partialprecipitation only after some time. 

MetalHc Zn, Ou, Cd, Fe, Go, Sn, and Pb predpitate the metal 
in the absence of free nitric acid as a black powder. 

* Oithantimonic add SbOHos, and pyrantimonic add, Sb^sHoi (said to 
he formed when antimonic chloride is decomposed by water), are little known. 
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An exceedingly delicate reaction for antimony oonsiBts in preci- 
pitating the metal from a dilute hydrochloric acid solution on 
platinum foil or on the lid of a platmum crucible, by means of a 
small strip of metallic zinc. H and SbH^ (antimonietted hydro- 
gen*) are eyolved, and the platinum is stidned brown or black by 
the deposited metal. Mere traces of antimony can thus be diacovered. 
The stain is not affected by oold hydrochloric acid, but disap- 
pears on heating with nitric acid. Tin cannot be precipitated on 
platinum. 

Compounds containing triad antimony exhibit a tendency (less 
marked, howeyer, than in stannous compounds) to combine with 
more clilorine, etc, and to pass into pentad or antimonic com- 
pounds. Expressed graphically — 

Cl ^^ 
omons \di^ has t^o bonds left unsatisfied or latent, 

Cl 
whilst pentad antimony in Sb^CJU or Sb^OGU (ozy-trichloride), 
has all its bonds satisfied, thns : — 

Cl ^ 

An«m<«uc CK I /Cl ^^^^^ pi Jb-Cl 

chlonda ^^;>^b<;^^ ^^^,^, ^ 

The following are some of the reactions naturally arising from 
this condition of antimonious compounds : — 

When a ourrent of chlorine gM is pMsed orer solid SbClf, a molecule of 
chlorine is abeoibed, and the diloride liquefies, thus : — 

BbCit + Cls « 8bC]«. 

Solid Liquid 

antimonions antimonio 

chloride. chloride. 

Sodic metantimonite, SbONao, is oxidized, in the presence of sodic hydrate 
by free iodine, with formation of sodic metantimoniate, SbOiNao, and Kal, 
thus:— 

SbONao + I2 + 2yaHo » SbOaNao + 2NaI + OH,. 

A hydrochloric acid solution of SbCls reduces AuCl to metallic gold (fre* 
qnently with separation of SIlOsHo), thus :— 

SSbCls -f- 2AuCls « 9Sb(^ -i-Aut- 

Sodio metantim<nite is oxidized in aa alkaline solution by argentic oxide, 
OAf s, to sodio metantimoniate, argentous oxide, OAsi* being formed, which is 
insoTuble in ammonio hydrate, OAg, being rsadily soluble. (Distinction 

BSTWBXN 8bsO|AND Sl^Oi.) 



• Of this gas more at page 218. 
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The reactions maj be expresied aa follows :-» 

(1) 8bCl« + iNaHo - SbONao + SNaQ •¥ 20H^ 

Sodio 
antimonite. 

(2) 2irOsAgo -f 2NaHo - OAg^ + SHOaNao + OH^ 

Argentic oxide, 
insoluble in NaHo 
(soluble in AmHo). 

(8) SbONao -t- 20Ag, - SliOsNao + 0Ag4. 

Black argentous 

oxide, insoluble 

in AmHo. 

SSONaos (aotfie hyposolpliite) reduces antimonious compounds to 
metallic antimony, which combines with sulphur and forms Sb A» thus :— 

SSSONaoa + SI^Os - SI^Ss + SSOsNao^ 

B. ABtim«iiie MBtpoiindB. — A solution of potassic mbtantihoni- 
ATE, SbOiKo, maj conTeniently be employed for studying the 
reactions in the wet way. 

This salt is prepaid by fusing metantimonic acid, SbOsHo, 
with a large excess of KHo, in a suver cmcible, and dissolving the 
mass in cold water. Fused with caustic soda, a sodic metonti- 
moniate is obtained, which is insoluble in water. 

SbOsKo is readily decomposed by concentrated adds (hydro- 
chloric or nitric), metantimonic acid being precipitated. 

SHa g^ves from a solution of SbOjHo in excess of hydrochloric 
acid, an orange precipitate of antimonic sulphide, SbsSs, mixed 
with SbsSs and S ; soluble in alkaline sulphides, readily soluble in 
ammonic or potassic hydrate ; also soluble in boiling concentrated 
hydrochloric acid, with evolution of 8Ha and deposition of S ; only 
very sparingly soluble in cold hydric ammonic carbonate. 

SAma, same precipitate, soluble in excess. 

SOsFeo" does not reduce antimonic compounds. 

BTOaAgo, added to an alkaline solution of SbOiKo, yields, for 
obvious reasons, only OAga, readily soluble in ammonic hydrate. 

AnHmonic eomp<mnds, like stannic salts, can, under certain eondUiane, aleo 
act <u oxidUing Offente, e,g. : — 

On igniting antimonic anhydride, it splits up into Sbs04 and oxyeen. 

811CI2 precipitates SbOHo from a hydrochloric acid solution or SbOsHo, 
the 811CI2 being converted into 811CI4. 

On boiling a solution of SbOsHo in hydrochloric acid with potassic iodide, 
iodine is liberated, colouring die solution brown. (SbCl^ is in fiiet fre- 
quently employed for the purpose of conyejing chlorine to other bodies, both 
mineral and organic.) Iodine is set free, b^use SbCl«, on being heated, 
together with 2KI, forms SbCla -I- la + 2KC1. The liberated iodine u readily 
recognized bv means of starch paste, when the highly delicate and characteristic 
blue iodide of starch reaction is obtained. (DiSTiircTiov bbtwsbh aktixovioijb 

AVD AirmCONIO OOXFOTIKD8.) 
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QUESTIONS AND BXBBCISBS. 

1. How is antimoiiioiis chloride prepared? What change doee it undergo 

when water ii added to it ? 

2. How can the metal antimonj he ohtained horn grey amtimony ore ? 

8. Bj what oharacteristio reaction can antimonj compounds be recognised when 

examined in the dry waj ? 
4k What IB the action of concentrated nitric acid upon metallic antimony P 

Bzplain the change by an equation. 
6. Bxplun how Shfii is obtained, and giro constitutional and graphic formula 

for it. 

6. How can you distinguish between antimonious and antimonic compounds P 

7. Explain tne action of Zn or Fe upon a solution of SbOlg. 

8. What eridence haye we to show the triad and pentad nature of Sb ? 

9. GKye illustrations of the reducing action of antimonious compounds, e^., 

antimonious chloride. 

10. GKye instances of the oxidizing action of antimonic compounds, e.^., 

metantimonic acid. 

11. State how you would separate Sb from Sn, in the wet way. 
18. How can Sb be separated from Bi P 

18. Erarees by symbolic equations the reactions for antimony in the wet way. 
14, Calculate tlie percentage composition of white amHmonjf and antimonious 
oxychloride. 

16. 1 grm. of a sample oigreg a«timany yielded on analysis *864 gnn. of SIHO4 ; 

what percentage of Sb does the ore contain P 
18. How would you separate Sn from Sb, in the dry way P 

17. How much 811304 by wei|;ht will 1*32 grm. of metallic antimony yield P 

18. How much chlorine by weight and by yolume (at 0"0. and 760 nun.) is re* 

quired to conyert 10 grms. of SbCls into 8b01« P 

19. How much oxygen gas by weight and by yolume (at 0^0. and 760 mm.) can 

be obtained by igniting 6 grms. of SlhOf P 

20. Describe the preparation of potaasic metantimoniate. 

21. How much Pb and Sb haye to be employed to prepare 60 lbs. of type metal, 

an alloy haying the composition Pb4Sb P 



3. ABSENIO, As'" and "".— This body constitates one of the 
most widely difinsed elements in nature. It is fonnd naiive, bnt 
exists most frequently in combination with snlphnr as realgar^ 



< ?^aMt or diarsenious disnlphide, and as orpvment, AfltS'^s, or 

arsenious sulphide (snlpharsenious anhydride) ; in combination with 

metals it ejJistB id, arsenical nickely < n j^^ l^ij copper nickel, < fAa!'W^ 

("Am' 
and in emaUine, < „ j^ ^l Oo. Arsenic acts in some of these mineral 

bodies more like a metalloid than a metal. Metallic arsenides are 

frequently found in combination with metallic sulphides, such as the 

sulphides of Ag, Fe, Ni, Co, Cu, etc., as in the common mineral 

f "As' 
mispickel^orarseniedl pyrites, < n ^^i Fe", F6^St} in nickel gla/nce or 

f "Am' r "Am' 

grey nickel ore, < n j^^^i Ni", W^Ss, and in cohaU glance < >f j^^ iCo", 

Co^^Ss. Arsenic occurs also in the form of metallic arsemates, such 
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as*^ calcic, magnesic, nickelons, cobaltoiis» plumbic arseniates; for 
example, in the mineral pJumnaeolUej A8tO]iCao"s,60Ht (calcic 
pyraraeniate), in nickel oehre^ A8i0sNio"t,9OHi, in cohaU hlooii^ 
A8i0.Coo".,8OH3, and in mimeiedte, d(A8tOtPbo",),FbGl2. 

Traoet of anenio are almost inyariably found in commercial snlpbor, irani 
copper, tin, and antimonj. On account of the solubility of its oxides, arsenic is 
sometimes found in mineral springs and in the ochreous deposits from minexml 
waters. 

EXAUINATION TS THB DRT WAT. 

Arsenic can be completely volatilized. When heated in contact 
with air, either on charcoal or in an open tube, it boms and forms 
arsenions anhydride, AfltOs, giving off at the same time a peculiar 
and most characteristic garlic odonr. Arsenical compounds give 
the same indications when heated by themselves, on charcoal in the 
reducing flame, and on the addition of sodic carbonate and potassic 
cyanide, whether the arsenic be present as arsenite or arseniate. The 
blow-pipe ezperiments should be performed with great precaution, 

since arsenical fumes are 
poisonous. The reaction 
being so veiy delicate 
small quantities only of 
the substance should be 
operated upon. 

When arsenical compounds 
are heated in a bulb-tuba. Fig. 
Fio. 77. 77j a, mixed with a proper re- 

ducing agent (such as sodio car^ 
bonate and charcoal powder), metallic arsenic sublimes and deposits itself in 
the shape of a lustrous steel grej mirror, ft, in the upper part of the tube. 

EXAMINATION IN THE WET WAT. 

Chlorine attacks arsenic violently, forming a highly poisonous 
liquid, arsenions chloride, A8CI3. Hydrochloric acid does not act 
upon arsenic ; nitric acid oxidizes it to arsenious and arsenic acids, 
according to the concentration of the acid. 

Arsenic forms Uvo oxides, sulphides, etc., and two well charaderized 
series of salts, arserUtes and arseniates (compare Chapter XVI). 




A. ArMBiviu eaaipiNuids. — ^We may employ either a solutioh 
OF ARSENIOUS ANHYDRIDE, AfltOs, in dUute hjrdrochloric acid, or an 
AQUEOUS solution OF AN ARSENITE, AsKos (tnpotassic arseuite). 

SHa (sroap-reavent) produces, in an acid solution of AAxOb 
a lemon yellow precipitate of suvenliraa sulphide, AfltSs, readily 
soluhle in caustic alkalies, in alkaline carbonates and sulphides, 
forming alkaline arsenites and sulpharsenites ; it is reprecipitated 
from any of these solutions, on the addition of dilute hydrochloric 
or nitric acid. It ia nearly insoluble in concentrated hydrochloric 
acid, even on boiling; but soluble in nitric add. On digesting 
freshly precipitated arsenious sulphide in a solution of hydrio 
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potassio snlphite, SOHoKo, and excess of sulplinroiia add, -the 
yeUow precipitate is dissolved, and the solntion contains potassio 
metarsenite, and potassic hjposalphite, after driving off the excess 
of Bolphnrous acid by evaporation, thns : — 

2A8»S, + I6SOH0K0 = 4AsOKo + eSSOEoa + S, + 780. 

+ SOHz. 

8Ams, same precipitate, soluble in excess. 

BTOtAgo produces from a solution of a neutral arsenite, or from 
a solution of AfltOa in water, rendered neutral by cautiously adding 
ammonio hydrate, a yellow precipitate of trlarscntle arsenite^ 
AflAgOs, readily soluble in ammonio hydrate, anmionic chloride, 
and nitric acid. The ammoniacal solution of AsAgOs is decomposed 
on boiling, with separation of metallic silver and formation of trt- 
mrgtnUt araenlate, AjsOAgOs, thus : — 

AsAgOj + OAga = AsOAgOs + Ag^ 

Soluble in Soluble in Soluble in Black 

AmHo. AmHo. AmHo. precipitate. 

SO^Cno^' precipitates a characteristic yellowUh green precipitate of liydrle 
cvprte •rsenlte, AsHoOao" {Seheele*9 green), from a solution of tripotasaio 
arsenite, readily soluble in ammonio hydrate, ammonio chloride, or nitrio 
aoid. 

SO^gp" ^Tes no precipitate in the presence of free ammonic hydrate and 
ammonio cnlonde. 

ReinacKa teat — ^Arsenic is precipitated on a strip of clean metallic 
copper, immersed in a hydrochloric add solution of ASsOs, in the 
form of a grey film of ASsCua, from highly dilute solutions, especi- 
ally on heating. The film peels off in black scales if the solution 
contain sufficient arsenic. The presence of the metal should be 
confirmed in the dry way, especiaUy as antimony is also precipitated 
by metallic copper under similar conditions. 

Arsenious compounds exert a powerful reducing action, when 
brought together with bodies that are capable of parting with 
oxygen, chlorine, etc. This property is even more marked in 
arsenious than in antimonious compounds. Triad arsenic com- 
pounds, containing two unsatisfied bonds, give rise to numerous 
interesting reactions, thus : — 

AuClg (aarle clilorldc) produces from an acid solution of MLB3O1 a pre- 
cipitate of metallic gold, and the reaction is so accurate that the amount of 
arsenic can be determined quantitaiiTely from the weight of the precipitated 
gold. 

Two atoms of Au (2 x 196*7} » three atoma of As (8 x 75), 

4AUCI3 + 3Ab,0s + 60H, « SASjOf -f- AU4 •»- 12HCL 

Chlorine water, or compounds capable of yielding chlorine, such aa a solution 
of bleaching powder, or of sodic hypochlorite, 011^ {Eon de Javelle\ oxidize 
iOa rapidly, thus :-^ 

As^Oa + 2C1, + 20H, » A8)0, + 4HCn. 
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Iodine, diasolred in a lolntiim of potMsio iodide, likewiM oonTerts a lolation of 
ASgOs, diuolTod in ozobm of hydiic sodio carbonate, into MMfi^, with formation 
of an alkaline iodide, thus :— - 

AsHoNaot + 200HoNao -f Is » AsOHoNao^ -f 2NaI + OHf -»- 2€K>s* 

Chlorine, iodine, and bromine act as oxidixkig agenti bj deoomposinff water 
or a metallic oxide. They form, with the hydrogen or the metal, HCl, Hi, HBr, 
or a corresponding haloid salt, and the o^gen is transferred to the JkMfi^ 

The oxidizing action of OAgs upon AftAgOi in an ammoniaoal solution haa 
already been noticed. 

An analogous change is produced by eupric oxide in the presence of potassio 
hydrate. On adding to a strongly alkaline solution of tripotassic arsenite a few 
drops of ouprio sulphate, and applying a gentle heat, the blue solution deposits a 
red precipitate of cuprous oxide, OUsO, and leaves tripotassic arseniate, AsOKoj^ 
in solution. (Dibtinotiov bbtwbsn AMfi% and AssOf .) 

The deoxidizing action which arsenious compounds exert upon the higher 
oxides of chromium (chromate8)and manganese (manganates and permanganates), 
has already been described, pages 159 and 173. 

B, Araenlc Componiids. — ^We employ AN AQUEOUS solution of 

TRIPOTASSIC ARSENIATE, AsOKOs. 

SHi gives scarcely any precipitate fix>in an acidulated solntion 
of A8OK09, until the solntion is heated, and a CHirent of gas passed 
throngh for some time. It is difficult to effect complete precipitation 
even then. The precipitate consists of arsenious sulphide and 
sulphur. It is preferable to reduce the AfltOs first to AfltOs, by a 
more powerM reducing agent than SHt, for example, by sulphurous 
acid, or an acid sulphite, such as 8OH0K0 — 

AsOKos + 8OH0, = AsKoi + SOsHo,. 

whence sulphuretted hydrogen precipitates the arsenic readily as 
arsenious sulphide. 

BTOjAgo g^ves a reddish brown precipitate of trUuventle anenlstei 
AsOAgOs, soluble in ammonic hydrate and in nitric add. 

SOfCuO'' produces a pcUs greenuh bUte precipitate of hyArie ciiprl« 
arseniate, AsOHoCuo", soluble in ammonic hydrate and nitric add. 

SOaMgo'', in the presence of anmionic chloride and ammonic 
hydrate, gives a white crysUilline precipitate of anunenle maviieaie 
arteiiiat«, AsOAmoMgo (distinction of AfltOs fbou AfltOs). 

FesCl« gires a yeUovmh white precipitate of ferrte arseniate, ASsOsFcjO^. 
2Q>}sPbo'' (plumule acetate) gives a whUe precipitate of trfplnMUle 

arsenlmte, Am^^ho\ 

BIOjAmos (ammonic molyHdate), dissolved in nitric add, gives tk yellow 
predpitate of araenlo-amnionie moljriidatc 



({ 



Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of AStd ; but on adding concentrated hydrochloric 
acid, and heating, a grey film of AfltCJua is obtained (distinction 

BETWEEN AfiaOa AND AfltOs). 



REDUCTION OF ARSENICAL COMPOUNDS, ETC. 
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Arsenums as well as arsenic compownds are capable of oonduvng 
other hodieSj and become themselves reduced either to a Unoer oxide^ 
stdphidcy or to the metallic staie, 

SO] reduces anenio to anenioiu acid. 

SSONaos (sedle hyposnlphltc) deprives ASjOs of its oxjgen, and oon- 
Terts it into ASsSj, thus : — 

As^Os + SSSONao, » AmSt + SSOsNaO]. 

Carbon reduces both Oxides of Arsenic to Metallic Arsenic, — A 
fragment of the solid arsenical componnd is placed in the pointed 
end, a, of a hard glass tube drawn oat before the blowpipe, as seen in 
Pig. 78. A piece of 
well ignited charcoal is 
next placed in the nar- 
row part of the tube, 
at 6, somewhat above 
the fragment of the 
arsenical componnd. 
This charcoal is heated 
over a gas flame or the 
flame of a spirit-lamp. 
When the charcoal is 
well ignited a second 
flame is applied to the 
lower end of the tnbe in 

order to volatilize the arsenical componnd. The vaponr on passing 
over the glowing charcoal is deprived of its oxygen, and metallic 
arsenic is deposited in the form of a shining black mirror on the 
inside of the tube, above the charcoal, at c. The reaction takes 
place according to the equation : — 




Fio. 78. 



O, + 3C = 



+ 3C0,. 



This test is very delicate. Arsenic, in the form of an arsenite or 
arseniate, is liberated bj mixing perfectly^ dry charcoal powder or 
black flnx with the dry substance, previous to its introduction into 
the drawn out portion of the tube, which for this purpose has a 
small bulb blown at its lower end. The sublimation of metallic 
arsenic is accompanied by the characteristic garlic odour. 

KCy reduces arseniciEJ 
compounds — oxides as well 
as sulphides — with forma- 
tion of potassic cyanate or 
sulphocyanate. A mix- 
ture of potassic cyanide 
with the arsenical com- 
pound is heated in a bulb fio, 79, 
tube a (Fig. 79). Metallic arsenic is deposited at b. 

The changes are expressed as follows : — 
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6C7K0 + Afic 
FoUwio 



SAfliOi + 6EC7 : 



2Afl,S, + eEC^ 



= 6CyKB + Ab,. 

■ulpbocjBiute. 



Bnt mnee potwio ojanidfl contuiu poUadn njmi»lt, u well u pnla«ic car- 
bonata (its compoaition ma; be eipreued by the formula 6KCf + CfKo + 
xOOKo)), a porHtm onlj of the arsenio in A»i9) ii obtained in the niBtsllio 
form, and a iulpharieniate i> formed whioh i> Dot reduced by potawic cyanide. 
Oo miiiiig tbe aneaiotu nilphide with aulphur, the whole of the arsenic remainB 
behind in the fViisd maw, aa ■ulphaneniate, and no mBtallio depoeil !■ obtuned. 
(In the presence of lulphidea of Fb, Cu, Ag, An, Ni, Co, Fe — ae, t.g., ot FflSi 
in artemtxd pgritet. If iSs, in aickel glance — which are reduced to the metallic 
ttate bj Uie action of potasaic cyanide, acaroety any arvenical mirror a obtained, 
because the liberated metallic arMnio — a portion only of the arsenic being 
liberated— wonld immediately alloy itwtf wiUi the metals). These ohanges am 
d by the eqiiationt t— 



>- As,. 



UOOf 
lulphide with ona 



The redocUon is _ 
part of potasuo cyamde , 

mixture into a piece of combustion tube, C, drawn out to a point, as seen 01 
larger scale in Fig. 80. A slow currenb of carbonic anhydride generated from 
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timmgh the defiyefr tabe 0, is passed orer the mixture in the tube C, heated at 
first gently, till all the moisture has been driTen out, and then strongly to fusion^ 
—when a mirror of metallic arsenic collects in the neck of the drawn-out tube. 

The reaction has this adyantage that no antimony mirror is obtained in the 
same way. 

In order, however, to avoid missing the arsenic, either altogether or obtaining 
only a portion of it, as stated above, it is preferable to treat the arsenious sulphide 
with a few drops of concentrated nitnc acid, and to evaporate with a little 
sulphuric acid ^ order to decompose any metallic nitrates, if present). The 
snlphuno acid is next neutralised with sodic carbonate and the mass thorou^ly 
dried, before mixing it with potassio cyanide and reducing it as described. The 
fused mass retains the antimony, and a good arsenical mirror is obtained, pro- 
vided no lead, copper, or other reducible metals were present. 



lOa and ABiOa are reduced by nascent hydrogen which com- 
bines with the oxygen of the arsenical oxides to form water, whilst 
the arsenic in its nascent state, or the very moment it is liberated 
from the oxygen, combines likewise with hydrogen to form a gaseons 
compound of arsenic, called a/rsenieUed hydrogen (arsenions hydride) 
— ^jAjs'"Hs. This gas is obtained pnre by acting with dilute sul- 
phuric acid upon an alloy of zinc and arsenic. The zinc takes the 
place of the hydrogen in the acid, and arsenietted hydrogen is 
liberated, thus: — 

ABiZn, + SSOsHoa r= 3S0,Zno" + 2A8n,. 

Arsenietted hydrogen is an exceedingly poisonous gas, and the 
student should on no account attempt to prepare it pure. Its 
properties may be studied equally well in a mixture of the g^ with 
much hydrogen. 

The experiment should be conducted in a closet, connected 
with a chimney or flue, where a good indraught of air can be obtained. 
Arsenietted hydrogen possesses a very nauseous odour, and bums 
with a peculiarly livid bluish flame, when the jet of hydrogen and 
arsenietted hydrogen gaa is lighted, owing to the combustion of 
arsenic to arsenious anhydride which rises in white ^imes. 

Gknerate hydrogen in a flask, a, Fig. 82, from pure zinc (free from arsenic) 
and pure dilute sulphuric add. Drv the gas bv passing it over calcic chloride 
and connect tiie drying tube, 5, witn a piece of lurd glass tubing, c, drawn out 




Flo. 82. 

P if 
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to ajet The b^drogen gM maj be ignited »t the jtt, at icMmaiii hat ditpUieedUte 
CHftn tie gmteratittgjtait, a, mtd drjfing fmbt, b. It bamiwith sn slrooat coIoDT- 
leu flune, if the lino uil acid ie pure. On introduciiig k few drop* of an 
anenioiu or snenic solutioD through the funnel-tatra, the Bune is •een to ohkogs 
to blue, and on depresaing a. piece of porcelain (f-g-, a dish, or porcelain crucible) 
into the flame, a black minor or depoeit of metallic arsenic is obtained. Or 
the melal maj be collected — bj heating the glau tube through which the 
arsenietted hjdrogen paaaaa — in the form of a metallic ring, d, which depfMita 
within the tube inunediatelj behind the ipot where the glsH ii heated. The 
hjdrogen should not be generated too rvpidlj, if a good ring is to be obtained. 
Tba mirror may be driren on to ■ bj gnduall; moring the flame from e 
towardi d. 

SeTeTml anenicsl miiror* ma; be obtained, if a long piece of aombnation tube. 
Pig. SB, be amplined, which has been narrowed in scTeral places bj drawing it 
out in the flame of a blowpipe. Aneniett«d hjdrogen is genenUed in the flask, a, 
and passing through h, the drying tube, c, and oombustion tube, d, issue* 




from Uw dnwn-oot jet, where it can be burnt. The tube, d, is heated in one 
or in leTeral pUeea, Just before the aeTcml dr«wn-out narrow -paiU. Aa araemcal 
mirror is obtained a Lttle behind the heated part of the tubs, as seen in Fig. B3. 
Little or no arsenietted h;drogen need thus escape from the Jet, especially if a 
slow current of hjdrogen be generated. 

The deposition of araeiiic in the tabe or on the cold porcelain 
uiees ^m the decompoBition of the arsenietted hTdrogen, which, 
at a high temperatare, is broken up into arsenic which is deposited, 
and hydrogen which paaaes on and bums at the jet. The decom- 
position which takes place when a cold piece of porcelain is lowered 
into the flame, is readily explained, if we remember what takes place, 
when an iron spoon is held in a candle or gae flame. We obtain a 
deposit of soot (finely- divided carbon from the hydrocarbons), 
because the oombustion is distarbed, and the temperatnre of the 
flame suddenly lowered. The flame can only bnm, where it is in 
contact with air, i.e., on the outside. The arsenietted hydrogen on 
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passing ihrongh the inner portion of the flame, is decomposed by the 
heat into arsenic vaponr and hydrogen gas ; the latter escapes 
throngh the outer portion of the flame and is bnmt, arsenic being 
deposited on the cold porcelain surface. The decomposition of 
arsenietted hydrogen takes place, even if very little of the gas be 
mixed with much hydrogen gas, and this test — -known as Marsh's test 
— w therefore extremely delicate. 

It is of paiumount importance that both rino and snlphmio aoid should be 
tested first. This is done by generating hydrogen, and allowing the gas to 
escape by itself for some time urough iSke combustion tube ignited in seyeral 
places. 

Oare should also be taken to aToid introducing nitric aoid, since arsenietted 
hydrogen is readily decomposed by this aoid. It is therefore preferable to dis- 
solve arsenical compounds in hydrochloric acid, with the addition of a few 
small crystals of potassic chlorate, and to heat gently till no more chlorous odour 
is observable. 

The metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenietted hydrogen, called cmtimonietted hydrogen 
(antimonions hydride), SbHs. It is prepared by acting with dilute 
sulphuric or hydrochloric acid upon an idloy of three atoms of zinc 
and two atoms of antimony, thus : — 

Sb2Zn, + 3S0,Ho, = 3SO,Zno" + 2SbH,. 

Mixed with hydrogen gas it is obtained by introducing into a 
hydrogen apparatus a few drops of an antimony solution (SbClg, 
obOjKo, or tartar emetic). The hydrogen flame turns at once 
bluish green, and white fumes of antimonions oxide, SbiOs, ascend 
into the air. The gas has no odour and is not poisonous. On 
depressing a cold piece of porcelain into the flame, metallic anti- 
mony is deposited, and on heating the combustion tube, as in the 
case of the arsenic experiment, the gas is likewise decomposed into 
metallic antimony, which collects in the narrowed portions of the 
tube and forms a dnU black mirrcr^ and hydrogen, which escapes and 
can be burnt at the jet. 

Since the metallic mirror may consist either of arsenic or 
antimony, or of a mixture of the two metals (in which case, how- 
ever, the more volatile arsenic is deposited further away from the 
flame, and a part of the antrmony is found anterior to the spot 
where the glass tube is heated), it is obvious that we must make 
further experiments in order to distinguish the arsemc from the anti' 
mony in the mirror. 

This can be done yery readily — 

1st. By adding to the mirror obtained on cold porcelain a concentrated solu- 
tion of bleaching powder, or of sodic hynochlorite (fom de JaveUe) ; or by simply 
exposing the mirror to chlorine sas, CTOiTed by treating a little bleaching powder 
with dilute hydrochloric add : the arsenical mirror is dissolved, antimony is not 
affected, thus : — 

As] + SClNao » Amfit •¥ SSsOi, 

2nd. By passing a very slow current of dry sulphuretted hydrogen through the 
glass tube, containing the arsenic and antimony mirror, and applying a gentle 
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heat. The xDetals toe oonyerted into lulphides — anenio into lemon-yellow ftree* 
niouB sulphide, and antimony into a hlack or partly orange-red antimoniouf 
sulphide; and, if both metals are present, the two sulphides appear side by side: 
the former somewhat in front of the latter, Ab^Ss being the more volatile of the 
two sulphides. On passing next a current of dry hydrochloric acid gas without 
the application of heat, antimonious sulphide disappears entirely, being oonveited 
into antimonious chloride, SbCls, which yolatilises in the current of hydro- 
chloric add gas, and may be passed into water and tested by means of sul- 
Ehuretted hydrogen. Anenious sulphide remains unaffected, even if the 
ydrochloric add gas be passed over it for some time. The residuary ASjSs 
dt$9olve* readily m hydrie ttmmonio carh<matey OOHoAmo. 

Nascent hydrogen, generated by the action of a strong solution of potassio 
hydrate upon metallic zmc or aluminium, combines with arsenic to form AsHg, 
but not with antimony ; and the presence of arsenic may be readily rec<^^ed 
in a compound by silowing a jet of the gas to impinge against filter paper cupped 
in a solution of argentic nitrate, when a bluish black colouration, (AsAga), is 
produced eyen by small quantities of arsenietted hydrogen. (DiBTiKcnoir 

BBTWBEN Ab AKS Sb). 

SbHs and AbHs can moreover be distinguished from each other by pass- 
ing a slow current of the mixed eases into a solution of argentic nitrate ; argentic 
oxide, acting the part of an oxidizing agent, oonyerts AsUs ^^ ^^^^si ^^ *^^ 

AftH, + 6irO»Ago + 80Hs » Ag« •¥ AbHos + GlTOsHo. 

SbHs is not acted upon in like manner. The oxidation extends only to the 
hydrogen of the SbHa, the metallic silver taking the place of the hydrogen, 
thus:*^ 

SbHs + 8irO,Ago » SbAg, + SlTOsHo. 

The arsenious acid is separated by filtration from the SbAgs and Ag. On 
cautiously adding to the filtrate a dilute solution of ammonic hydrate, a yellow 
predpitate of trlarffentle arsenlte is obtained where the two layers of the 
ammonic hydrate and acid solution meet. 

The residue consisting of SbAgs ^nd Ag is boiled with a solution of tartaric 
add, when the antimonious argentide is acted upon with formation of soluble 
antimonious tartrate (?) silver being left behind. Filter ; acidulate the filtrate 
with dilute hydrochloric add, and pass SHj. An orange precipitate indicates 
antimony. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of arsenic ? 

2. Translate into graphic formulffi the symbolic formula of realgar ^ orpimeiU, 

copper nickel, tmaUine^ nickel ochre. 
8. G-ive evidences of the triad and pentad nature of arsenic. 
4. What changes does arsenic undergo when heated, Ist, by itsdf, in a current 

of a neutral gas (OOg or H) ; 2ndly, in contact witii air ; 8rdly, in contact 

with chlorine ? 
6. How is metallic arsenic obtained from white arsenic P 

6. How can arsenious compounds be distinguished in the presence of arsenic 

compounds ? Oiye several methods. 

7. What action has SHj upon an acid solution of AsHos, and upon a solution 

of AbOHos ? 

8. Express by an emiation the reaction which takes place when ASfSs is dis- 

solved ; 1st, in NaHo ; 2ndly, in SAm^ ; Srdl^, in OOHoAmo. 

9. What precipitates are produced when argentic mtrate is added to a neutral 

solution of an arsenite, or arseniate ? 

10. Why is AsAgOa, in an ammoniacal solution, converted on boiling into 

AsOA-gOf? Express the chanee by equations. 

11. What is the action of SOgMgo'', m an ammoniacal solution, upon arsenious 

and arsenic solutions P 
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12. Gtre a few innt'.maet «f the Mdnoing aotioa of vntmknB tiomponndt. Ex- 
press the ohanges by equations. 
18. ^plain the oxidizing action of 01, Br, and I upon arsenions oompoondff. 

14. Whftl Hakes place when metallic eopper is introduced into a dilute hydro* 

chloric acid solution: Ist, of AttsOsS 2ndly, of Amfit (Beinsch's 
test)? 
16. Explain under what conditions arsenic, as well as arsenious compounds act 
as oxidizing agents. Q-ive examples, and express the changes by equa- 
tions. 

16. Explain why a portion of the arsenic only is liberated, when an aanenioal 

sulphide is heated with potassic cJBXiide. GKtc equations. 

17. Explam how the presence of free sulphur, or the presence of certain metallic 

sulphides influences the reduction of arsenical compounds by potassic 
cyanide. GKyc equations. 

15. Explain the reduction of arsenical compounds by aasc^t hydrogen (Manh's 

test), and show by equations the formation of AsHs* 
10k What change does AsHs undergo : 1st, wh»n burnt in the air ; 2ndly, whttt 
ptssed through a tube heated in one or more places ; Srdly, when passed 
into a solution of aiigentic nitrate ; 4thly, when passed through concen* 
trated nitric acid P 

20. Explain the formation of SbHs and state — 1st, what properties AbH| has 

m common with SbHg $ and, 2ndly, how it differs from the latter in its 
chemical deportment with argentic nitrate. 

21. How would you distinffuish between an arsenic and antimony mirror f 

22. State how arsenic can be separated — Ist, from antimony, 2ndly, from tin. 
28. 1*2 grm. of finely divided gold has been obtained by boiling a solution of 

arsenious acid with AuClat how much ASsOa by weight did the 
solution contain P 

24. Calculate the percentage composition of ammonic magnesic arseniate, dried at 

100« 0. (AsOAmoMgo'' + Aq.). 

25. How mach SbHg gas by volume (at 0^0 and 760 mm.)i and by weight can be 

obtained by the action of dilute hydrochloiie acid upon '6 grm. of the 
alloy Sbs&s P 



4. GOLD, AtL^ and '". — Gold is generally fonnd native and is 
tlien readily reoog^nized by its coIouti malleability, and physical 
character generally. Gk>ld occurs in anything like considerable 
quantities in combination only with the rare element tellurium. In 
small quantities it occasionally accompanies metallic sulphides. 

EXAMINATION IN THE DRY WAT. 

When heated on charcoal with sodic carbonate and borax in the 
reducing flame, gold compounds yield a yellow, very malleable 
globule of metallic gold. 

To detect gold in argentiferous minerals in which it is present only in minute 
quantities, and associate with large quantities of other non-yolatile metals, the 
powdered mineral is fused with borax and metallic lead, and the metallic buttoli 
cupelled, as will be described under silver. The globule of white metal which is 
left on the cupel is beaten out, and the silyer dissolved by digesting with a 
little nitric acid in a small porcelain dish. The aroentic nitrate is poured 
off, and the gold washed witn distilled water. The Uack insoluble residue is 
once more fused on charcoal before the blowpipe, when it assumes the well- 
known appearance of fine gold. 
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Old flilyer ooins freqnentljr contain a small quantitj of gold, which, on du- 
Bolyinff in nitric acid, is left aa a black powder. 

When an insufficient quantity of silver is present in the button (which maj 
be inferred from its pale jellow colour), from two to four times its own weight 
of silver should be fused up with it, and the button so obtained beaten out and 
then treated with nitric acid in order to separate or "part ** the gold. — Method of 
ana^ng gold, 

BXAMINATION IN THE WET WAT. 

Gk>ld when unalloyed is solable in aqtta regia only, forming a 
80LTJTI0K OF AUBic CHLORIDE, AuCls, whicli may be employed for 
stndying the reactions in the wet way. 

SHs (vronp-reasent) gives from a cold solution a black preci- 
pitate of aniie ■alpUde, AUjSa, from a boiling solution, a brownish 

("All' \ 
f,^ ,S"1. These precipitates 

are insoluble in hydrochloric and nitric acids, but dissolve in aqua 
regia. They are likewise insoluble in ammonic sulphide, but soluble, 
al&ough with difficulty, in yellow sulphide, more readily in yellow 
sodic sulphide, forming a smpho-salt, AuNass. 

SAmj and SSONaoa, same precipitate. 

EIHo or NaHo produces no precipitate. 

Am Ho produces from a concentrated solution of auric chloride a 
reddUh yellow precipitate of aminoiile marmte or ftiliiilii«tliiff s^M^ 

{ir^H,Ho 
(au^ ,thus:— 
ir^H,Ho 

2AuCl, -h 8AmHo = (irH3),AuaO, + 6AmCl + 60H,. 

The detection of gold is attended with no difficulty, owing to 
the facility with which auric chloride is reduced to the metallic 
state. GK)ld has little affinity for non-metallic elements ; and the 
compounds which it forms with them are readily broken up by heat 
alone, or on being brought in contact with bodies which have more 
affinity for the metalloids, leaving metallic gold in a finely divided 
condition, as a brown powder, which acquires metallic lustre when 
dried and rubbed in a mortar. Hence in auric chloride we possess a 
powerftil oxidizing agent, as we have already seen under tin, anti- 
mony, and arsenic. The same ozidiziDg action is called into play, 
when AuCla comes together with solutions of SOH03, oxalic acid, 

{ COHo' SOaFeo" or Pe"Cl2, CiiaCla, dissolved in hydrochloric add, 

j^Q^Hgao", ZTOKo, sugar in an alkaline liquid, and many other 

organic substances {e,g.^ the epidermis) ; arsenietted, antimonietted, 
and phosphoretted hydrogen decompose AuCls likewise. 
The following equations express these changes :— 

(1^ 2AnCls, when ignited splits up into Aug + SClg. 
(2) Ao^,, „ „ „ Auj + S,. 
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(8) SAnClg + SSOHos + SOHa » Au, + SSOsHos + 6H01. 
(4) 2AaGl, + 3 { QQ^l - Au, + 600, + 6Ha. 

OS) 2AaGl3 + 6FeGls » Au^ + SFejCl^. 

(6) 2AaGls + eSOjFeo'' » Aua + FOiCle + 2880fiFesO^. 

(7) 2AaCls + SOoaCls « Aua + GOnas. 

(8) 2AnCl, + sJ^lHgjo" « An, + 8 Jg^go" + SHffOl^ 

(9) 2AaCl, + 8irOKo + SOHs » Au, + SIToIko + 6HCL 

(10) 2AaCls + 2AbH8 + 80H, == Au, + 2AbHo, + 6HGL 

(11) 2AaCla + SbH, - An, + SbCls + 8HC1. 

In the analysis of a solution containing gold, as well as some 
other metals of Group 11 precipitable by SH,, it is usual to first 
remove the gold in the metallic state, by boiling with oxalic and 
hydrochloric acids, before passing SH,. The pi'ecipitated gold is 
collected on a filter and fused to a button on charcoal. 

Gold is precipitated from a hydrochloric acid solution of AuCl, 
by most metals, even by Pt, Ag, and Hg. 

QUESTIONS AND EXERCISES. 



ftnsiaie mw) g: 
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1. How would jou treat a silyer coin containing a email quantity of gold, in 

Older to extract this latter metal from it ? 

2. How is AnCla prepared ? 

3. Translate into graphic formulie the following constitutional formula, AuCla, 
AnO fAnS ,,j^^, 

AuS ^* 

4. Describe how pure metallic gold is prepared from AnClj, in the wet way. 
6. Explain the change which AlIsS, undergoes, Ist, when gently h^ted in a 

bulb tube ; 2nd, when heated in a tube open at both ends. 

6. What reaction takes place when AnClj is brought together with bodies 

which have any latent bonds left ? Gtive instances of such reactions and 
express the changes bj equations. 

7. How can gold be separated from an alloy of Au, Ag, and Ou P 

8. 9*87 grms. of a gold mineral, when treated with aqua regia and reduced by 

FeCls, jield '68 grm. of metallic Au ; what is the percentage of gold in 
the mineral P 

9. How much chlorine gas, b j weight and by volume, can be obtained by the 

ignition of 1*25 grm. of AnCla P 
10. What action takes place when a vjjj^oo of gold is suspended from the positive 
electrode in a bath of AnClj, metaUio copper forming the negative 
electrode P Explain the process of electro-gildiiig. 



5. PLATINUM, Pt" and >^.— This metal is found native, 
but more frequently idloyed with other metals. It is characterized 
by its infusibility before the blowpipe, and is not acted upon 
by the usual fluxes. It can, therefore, only be examined in the wet 
loay. 

Unalloyed platinum is not attacked by either nitric, hydrochloric, 
or sulphuric acid, but by aqiM regia (comp. page 87), with formation 
of platinic chloride, VtCU* A solution of this salt is employed for 
studying the reactions of platinum. 
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SHs (sTDup-rcMsent) prodnoefi slowfya dark hrowti precipitate of 
platliile «lfl«lpia«e, PtS|. Onheatmg, the precipitate forms quickly. 
It is insoluble in nitric or hydrochloric acid, solable in aqua regia ; 
difficultly soluble in normal ammonic sulphide, more speedily in 
yellow sulphide, witk which it forms a sulpbo-salt, VtSAmSt- 
Heated out of contact with air, it is decomposed into Pt"S and S. 

SAms, same precipitate. 

PtCU is interesting on account of the compounds which it forms 
with the chlorides of ttke alkaU metals (and witk the chlorides of 
many organic bodies, e.g., the so-called alkaloids, such as quinine, 
nicotine, etc.). 

AmCl produces a light yeUow erystalUne precipitate of ammonte 
rlatlBlff dOwMe, 2Am01,VtOl4. From dilute solutions a precipitate 
is obtained only after eyaporation on a water-bath. The precipitate 
is somewhat soluble in water, insoluble in alcohol. 

KGl produces a yellow cry$talline precipitate of potaute platlnle 
cUorMe, 2KC1, VtCU, analogous in its appearance and properties to 
the precipitate just described. 

NsCl forms with platinio chloride a doable chloride, which ib, howeyer, 
soluble in water, and is obtained in needle-shaped crystals onlj after considerable 
eyaporation. 

The precipitate produced by platinic chloride with AmCl and 
KOI serves for the detection and isolation of platinum, and vice versd^ 
for the detection of ammonium or potassium compounds. (Comp. 
Chapter II, Part II.) 

Platinum is capable of forming a lower chloride, viz., platinons 
chloride, Vt"Cla, in which the platinum acts as a dyad. This salt 
is obtained by heating the platinic chloride for some time in an air- 
or oil-bath up to 204 C, as long as any chlorine is evolved; or by 
acting with sulphurous acid upon a solution of platinic chloride, 
until the latter ceases to give a precipitate with ammonic chloride. 
VtCla is a greenish grey powder, insoluble in water, but soluble in 
hydrochloric acid. 

Several reactions in the wet way for platinum are based upon 
the power, which its salts possess, of oxidizing other bodies which 
have some bonds left unsatisfied ; but as platinic salts are not )30 
easily reduced as gold salts, a solution of the latter metal is generally 
preferred. After what has been stated under gold, the K>llowing 
reactions will be readily understood : — 

VtCU produces with SnCU only a dark brownish red colour, 
owing to the reduction of the platinic to platinous chloride^ 

^tCl^ is reduced by SOgFeo" only after long continued 
boiling. 

COTT ' ^^ Seat- 
ing, if the free acid be neutralized with sodic carbonate. 

Metallic zinc precipitates metallic platinum. 

It is obvious that platinous chloride could act as a reducing 
agent, but it is rarely employed for this purpose. 
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Whenever platmnm and sold are oontained in a solntion, together 
-with other metala of Gboop II, precipitable hv SH2, it is preferable 
to remove the gold, by means 01 oxalic add (which does not reduce 
platinio chloride), before removing the platinum by evaporation 
-with ammonio chlonde. 

QUESTIONS AND EXERCISES. 

1. How is PtCl4 prepared ? Qive equation. 

2. How much metallic platinum is len when two grms. of PtSs are strongly 

ignited in a porcelain crucible P 
a How aro 2AmCl,PtCl4 and 2£Cl,PtCl4 affected by heat P Express tbe 

changes by equations. 
4. How much Ft will be left, when 1*5 grm. of 2AmCl,PtCl| are ignited P 
6. Calculate how much potassic platinic chloride ought to be obtained from 

•621 grm. of KCl. 
a How is PtCls pieparedP 

Separation of the metals arsenic, antimony, and tin, whose sul' 
phides are soluble in yellow ammonic sulphide, or in sodic hydrate. 

The precipitate produced by the gronp-reagent SH2 is soluble 
in yellow ammonic sulphide, or in sodic hydrate, and may consist of 
three sulphides. If the precipitate be of a dark bi*own colour, it 
may be inferred that SnS is present. If it be of a fine lemon- 
yellow colour, the presence of arsenious or stannic sulphide may be 
inferred, if orange- coloured, antimony should be looked for. 

The three sulphides are unequally soluble in hydric ammonic 
carbonate. A81S3 dissolves freely, SnSa very slightly, and SbsSs 
is insoluble. On digesting, therefore, the precipitate with 
COHoAjno, and filtering, arsenic is obtained in the filtrate ; and 
antimony and tin are left in the residue. In order to separate the 
remaining two metals, the antimony is converted into antimonietted 
hydrogen, since tin does not form a gaseous compound with hydrogen. 
For this purpose the two sulphides are dissolved in hot hydrochloric 
acid, and the solution of the mixed chlorides introduced into a 
Marsh's apparatus. Antimony is detected by the metidlic deposit 
which SbHs g^ves on porcelain, insoluble in ClKao. Tin is found 
in the generating flask as a black powder. The greyish metal is 
removed from the undissolved zinc, dissolved in hot hydrochloric 
acid (by the aid of a little platinum foil), and the solution tested 
with mercuric chloride. A white precipitate of mercurous chloride, 

^aCU, indicates the presence of tin. 

The separation of arsenic, antimony, a/nd tin, may thus he housed 
upon — 

1. The solubility of AtkSt in hydric ammonUc carbonate, 

2. TheformaiUyn of antimonietted hydrogen, 

3. The precipitation of tin by mstadic zinc. 

A tabular scheme, embodying this method of separation, will be 
found in Table II in the Analytical Tables at the end of the book. 
Several other methods of recognizing and separating the metals 
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tin, antimony, and arsenic, will readily suggest themselves. The 
student should draw up tabular schemes, embodying the following 
five methods. 

A method of separation of As, Sb and Sn, may be based upon : — 

1st. The oxidation of ABiSj, SlhSs and SnS by concentrated 
nitric acid ; and the conversion of the three oxides (by fdsion with 
caustic soda in a silver crucible) into sodic metantimoniate, arseniate 
and stannate. 

2nd. The insolubility of SbOsNao in water and alcohol 
( AsONaos and SnONaoa being soluble). 

3rd. The conversion of AsONaos and SnONaoi into A81S3 
and SnS, by means of sulphurous acid and sulphuretted hydrogen. 

4th. The volatility of ^BiSs when heated in a current of dry 
SH2 gas, SnS being non-volatile. 

biSi. The absorption of the volatilized AB1S3 in a solution of 
sodic hydrate, oxidation by chlorine and precipitation as 
AsOAmoMgo". 

6th. The conversion of the non-volatile SnS into SnOs ]by 
ignition in air. 

Another method is based upon : — 

1st. The precipitation of arsenic and antimony in the form of 
sulphides, by boiling a hydrochloric acid solution of the three metals 
with sodic hyposulphite, tin remaining in solution. 

2nd. By boiling the precipitated iliS2Sa and SbiSs with hydric 
potassic stdphite and sulphurous acid; AB1S3 is converted into 
potassic metarsenite, SbiSs remains undissolved. 

A third method consists in : — 

1st. Bemoving the A81S3, by boiling with hydric sodic sulphite 
and sulphurous acid ; the other two sulphides are not dissolved. 

2nd. The oxidation of the undissolved SbiSs and SnSs with 
concentrated nitric acid and boiling with tartaric acid : Sbi04 is 
soluble, Sn03 remains undissolved. 

A fourth method of recogpiizing arsenic, antimony, and tin, is 
based upon : — 

1st. The introduction of a solution (in HCl and KO3CI) of the 
three sulphides into a hydrogen apparatus, and passing the evolved 
arsenietted and antimonietted hydrogen through a solution of 
argentic nitrate ; the tin remains behind precipitated on the zinc. 

2nd. The solubility of the precipitated 8bAg3 in tartaric acid, 
and precipitation of the antimony by means of sulphuretted 
hydrogen from a hydrochloric acid solution. 

3rd. The precipitation of the A.sAgOz from the argentic nitrate 
solution by means of ammonia. 

A fifth method of recognizing the metals of Group IIb, de- 
pends upon : — 

1st. The insolubility of AbSz in strong hydrochloric acid, 
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SlhSs and SnSa being dissolved. The presence of arsenic is con- 
firmed by fusion with potassic cyanide and sodic carbonate. 

2nd. The precipitation of the antimony on platinnin by means of 
metallic zinc ; a black stain indicates antimony. 

3rd. Dissolving the tin precipitated on the zinc in hydrochloric 
acid and confirming its presence by means of mercuric chloride. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP IIb. 

1. SHs produoes a fine yellow precipitate, a portion of which is soluble in 

ammonic sulphide. What inference would you draw from this, and how 
would you examine both the solution and the residuary jellow sulphide ? 

2. Describe sereral methods for separating As from Sb. 

8. Examine some green paper-hangings for As (Scheele's green). 

4. Test a sample of commercial hydrochloric acid for As and Pe. 

5. Separate As from Sn in a solution of SnClj and ABjOs, containing *500 

grm. of Sn, and '020 grm. of As. 

6. Analyze a solution containing '010 grm. of As and *100 grm. of Sb, by con- 

. verting the two metals into the respectiye hydrogen compounds. 

7. You have given to you a hydrochloric acid solution containing '200 grm. of 

Sn and '020 grm. of Sb ; also a strip of zinc and a piece of platinum toil. 
Describe how you would separate the two metals. 

8. Test a sample of iron pyrites, FeSs, for arsenic, in the dry and in the wet 

way. 

9. A precipitate consists of SbjSs and As^Ss. Describe different methods of 

analysis, and state the possible causes of error inherent upon each method. 

10. Analyze a mixture of SnOs and 8b204, both in the dry and wet way. 

11. You have given to you a solution, containing potassic arsenite and arseniate. 

State how you would identify the two oxides of arsenic in the presence of 
each other. 

12. -Test a solution of stannic chloride for stannous chloride. 

18. How can you detect traces of antimonic chloride in a solution of antimonious 

chloride ? 
14. What are the changes which JLmSst SbsSj and 811S3 undergo, when they 

are treated with concentrated nitric acid and when the products of the 

oxidation are fused with caustic soda? 



Chaftbb VI. 

REACTIONS OF, THE METALS OF GROUP I. 

This group comprises the metals silver, lead, and mebcubt in 
the form of mercnrons componnds, which are precipitated by dilute 
hydrochloric acid. 

1. SILVER, Ag'. — This metal occurs native ; also as sulphide, in 
silver glance^ SAga* and in combination with antimony, as sulpho- 
salt in trisulphargentic orthosulphantimonite, or dark red silver ore 
(pyrargyrUe), SbAgSj; with arsenic as trisulphargentic sulphar- 
senite, in prcmstUe, As Ags, ; as chloride, AgCl, in Jiom silvery and 
other ores. 
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BXAHIKATION IN THE DBT WAT. 

Place a small qnantity of powdered silver glance towards the 
middle of a hard glass tube (combtLstion. tubing of about ^ inch 
internal diameter, cut with a sharp file into lengths of 5 to 6 inches, 
answers best). Heat the powder gradually bj moving the tube 
about in a Bunsen gas flame, and lastly, heat it strongly towards the 
centre. By holding the tube in a slightly slanting position, a current 
of air is miade to pass over the ignited sulphide ; &e sulphur becomes 
oxidized and is carried off as sulphurous anhydride, rea.dily recog- 
nizable by its pungent odour. MetaUic silver is left, together with a 
little argentic sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
likewise oxidized, but are to a great extent deposited as AJbOa and 
SbiOs, in the cool part of the tube. 

Mix a little of the finely-powdered silver glcmce (or of the roasted 
ore) with sodic carbonate, and heat upon charcoal under the re- 
ducing flame of the blowpipe. A globule of bright metallic silver 
is left, which is, however, almost invariably contaminated with a 
little carbon. 

Silver ores which contain no other fixed element but silver, ore 
reduced on charcoal to the metallic state by a simple fusion with 
sodic carbonate. Antimony and arsenic, if present, are readily vola- 
tilized, as metals, before the reducing flame. The sulphur combines 
with the alkali metal. 

Silver ores which contain non- volatile metals, such as copper, 
iron, etc., as in argenUferoua fahl orcy and from which the metal 
silver could not be eliminated before the blowpipe flame, are treated 
in the following manner : — 

Mix '100 grm. of the finely-powdered ore with its own bulk of 
pounded borax glass ; wrap it up in a small piece of assay, lead ;* 
introduce it into a cavity, made in a good piece of charcoal, and fuse 
under the reducing flame of the blowpipe, at first gently and after- 
wards more strongly. The heat is kept up till the whole mass has 
resolved itself into a metalHc button and a clear glassy borax bead, 
which does not adhere to the charcoal. Should the metallic button, 
on cooling, present a dull grey surface, indicative of the presence of 
antimony, it is next heated in the oxidizing flame, until on cooling, 
it shows a bright, somewhat prismatic surface. It is then detached 
from the borax, cleaned 1]^ a blow with a hammer and carefrdly 
cupelled on some bone-ash (tricalcic phosphate, PaOsCao^s)* pressed 
into a shallow cavity in a piece of charcoal, the surface being made 
smooth and thoroughly concave with the round end of a pestle. The 
button is thoroughly freed from borax, placed in the cupel and heated 
in the oxidizing flame. The lead is oxidized and absorbed by the 
porous bone-ash, forming a mass of fused litharge around the 

* Lead free from silver, prepared from plumbic acetate. 
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metalHc bead. If one cnpeUatdon does not yield a brilliant wbite 
globule of ailver, «.«., if the copper lias not been entirely removed--^ 
a fact whicli is indicated by a black colour, instead of the pale yellow 
colour of the litharge, in the cnpel-^ihe eapellation of the button 
must be repeated in a fresh cupel, and the button, if necessary, 
re-melted with a smaH quantily pf assay lead. The silyer not being 
an oxidizable metal, is obtained in the metallic state. 

Small qttantUies of silver must he separated from lead (as well as 
firoiB other metals), hy oupellaMofL 

Fuse some finely powdered a/rgentiferous galenOj PbS, SAg^ (or 
PbAgSt), on charcoal before the reducing flame of the blowpipe, 
either alone or with sodic carbonate. A bead of an alloy 
of much lead and very little silver is lefb. Expose this 
bead on a smaLL eupel (Fig. 84) to the oxidizing action 
of the blowpipe flame. The lead is oxidized and absorbed p^^ g^ 
by the cupel, metallic silver being left. 

Dried AgCl is mixed with dry CONaos in a small mortar, 
transferred to the charcoal and heated in the reducing flame of the 
blow-pipe. A button of metallic silver is left, thus : — 

(1) 2AgCl + CONao, = 2NaCl + CO, + O + Ag,. 

REACTIONS IN THE WET WAT. 

For the reactions of silver in the wet way we employ A solution 

OF ARGENTIC NITRATE, BTOaAgO. 

nCl (vronp-reavent), and soliilile cUorMei (NaCl, etc.) give a 
white curdy precipitate of arsentle cUorMe, AgCl, which turns 
violet on exposure to light. The precipitate is insoluble in water 
and dilute acids ; slightly soluble in concentrated nitric and hydro- 
chloric acids ; readily soluble in ammonic hydrate, potassic cyanide, 
and sodic hyposulphite; soluble also to a perceptible extent in 
concentrated hydrochloric acid and in saturated solutions of alka- 
line chlorides, more particularly when heated, whence the dis- 
solved argentic chloride is, however, reprecipitated on dilution with 
water. 

Collect the precipitAted AgCl on a filter and dry OTer a sand-bath (see Fig. 69). 
Fuse a portion of the dried AgCI m a porcelain crucible over a small gas flame. 
The white powder fuses ; it undergoes a mere physical change, and leaves on 
cooling a hard mass, called horn tilver. 

Place a small piece of zinc on the fused horn Hlver, and add a drop of dilute 
hydToohloiic acid and a little water. A voltaic action is set up between the 
metallic zinc and silver. The zinc removes the chlorine and leaves the metallic 
silver. Tlie same action takes place when the white curdy precipitate of argentic 
chloride is brought in contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver residues. 

NaHo or KHo precipitates arsentle oxide, OAgs, in the form 
of a brown powder ^ which, on strong ignition, gives off oxygen and is 
converted into metallic silver. 

AmHo, when gradually added, precipitates argentic oxide, readily 
soluble in excess. 

SHa precipitates black arsentle ■nlpUde, SAga, from acid solu- 
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tions ; insolable in dilute acids, in alkalies, alkaline snlphides, and 
potassic cyanide ; readily soluble in dilute boiling nitric acid with 
separation of sulphur. 

SAxU) (or any soluble sQlpiiMe) precipitates from neutral solu- 
tions bl<ick arsentle sQlpiiMe. 

HI or KI gives a yellowish precipitate of arsenlie iodide, Agl, 
insoluble in dilute nitric acid ; almost insoluble in ammonic hydrate 

(DISTINCTtON BETWEEN AgCl AND AgBr). 

HBr or KBr gives a yellounsh white curdy precipitate of arsentle 
bromide, AgBr ; insoluble in dilute nitric acid ; difficultly soluble 
in ammonic hydrate; readily soluble in potassic cyanide or sodic 
hyposulphite, decomposed by concentrated hydrochloric acid, with 
evolution of bromine vapour and conversion into AgCl. 

HCy or KCy gives a white curdy precipitate of arsentle eymnlde, 
AgCy, soluble in excess of the reagent ; insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but reprecipitated by dilute nitric 
add ; soluble in sodic hyposulphite. The precipitate is decomposed 
by concentrated boiling nitric acid; it is decomposed also when 
heated by itself in a porcelain crucible ix) pardcyanide, metallic silver, 
and cyanogen gas (distinction pbom AgCl, Agl, and AgBr). 

Place a bright and clean strip of copper into a solution of 
argentic nitrate. The copper becomes rapidly covered with a 
lustrous coating of metallic silver ; and the solution, after a time, 
gives no more precipitate with hydrochloric acid. The silver is 
deposited on the copper in the metallic state, and the solution 
contains now WaOiCfuo": an equivalent quantity of copper (63*6 
by weight of copper for every 216 of silver) having been dis- 
solved. 

Place a small globule of mercury into a concentrated solution of 
argentic nitrate on a watch glass. The globule of mercury becomes 
rapidly covered >vith a crystalline mass, resembling some vegetable 
growth, termed arhorescence. After a time the whole of the silver 
becomes removed from the solution, and the solution contains in 
the place of the argentic nitrate, mercuric nitrate TitOJlgo", 
Metallic silver is precipitated and forms with the mercury an 
amalgam which is crystalline. This crystalline mass is termed a 
silver tree (a/rhor Diance), 

Strips of the metals Zn, Fe, Sn, Sb, Pb may likewise be 
employed for the precipitation of metallic silver. 

These changes illustrate the action of the more electropositive 
metals upon solutions of less electropositive metals, induced by vol- 
taic electricity. They come under the third class of chemical 
changes, viz., displacement of one element by another element. 

Take a clear solution of one part of grape sugar and 6 — 8 parts 
of distilled water, and a somewhat dilute solution of argentic 
nitrate. Heat the latter in a test-tube, nearly to boiUng, and add 
the grape-sugar solution. The liquid becomes at once turbid, and a 
greyish white powder of metalHc silver falls to the bottom ; or a 
yellowish white metallic deposit forms on the sides of the test-tube 
which, on rubbing with a glass rod, shows bright streaks of metallic 
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silyer. The metaUio silver can be filtered off and fhsed on eliarooaly 
before the blowpipe, to a brilliant globule. 

The cause of the redaction of the argentic salt most eyidently be 
Bonght for in the grape sngar. We have seen that argentic oxide 
loses its oxygen readily on ignition. Certain organic snbstances, sach 
as grape sugar, formic acid, and aldehyde, are known to oombine 
eagerly with oxygen, and the OAgs (in two molecules of VOaAgo) 
parts with its oxygen and yields a deposit of metallic silver. 

This reaction has found an important practical application in the 
manufacture of looking-glasses, etc. 

The silver in the argentic nitrate is displaced by hydrogen from 

the organic bodies, VO3H0 being left in solution, CO3 and OH* — 

the two ultimate products of oxidation of organic matter — ^beiog 

formed by the oxidation of the organic substances. 

f CH 
Ignite a few crystals of argentic acetate, < f«r)\ ^ ^ covered 

porcelain crucible. Heat gently at first, and strongly, as soon as no 
more tomes are given off. A mass of firosted silver is left, having 
the shape of the original crystals. 

QUESTIONS AND BXEBOISBS. 

1. How is argentic nitrate prepared P 

2. Why do SOl, HI, etc., precipitate silver from its solutions P 

8. What change takes place if hen silver alance is roasted in a tube P 

4. How is Ag separated from Pb in the drj way P 

6. Write out the equations for the reactions of silver in the jret way P 

6. Give the graphic formula for silver glance, dark red silver are, prousiite, and 

fahl ore. 

7. How much Nad will be required to convert 1*6 grm. of HOfAgo into 

AgCl? 

8. A dilute solution of hydrochloric acid (containing '00866 srm. of the acid in 

one cubic centimetre of the solution) is precipitated with WOtA^o. 
How much AgCl by weight do we get from 160 c^. of the acid solu- 
tion P 

9. How much metallic copper is required to precipitate 1 grm. of argentic 

nitrate? 

r OH 

10. What is the percentage composition of argentic aoetate, •< mo A 00 '^^ ^^^ 

much silver will be left, when '461 gnn. of acetate is ignited P 

11. How is argentic nitrate converted into sulphate, and how much of the latter 

salt can be prepared from 10 grms. of ar^pentic nitrate P 

12. What change does AgCy undergo upon igmtion P 



2. LBADy Pb'' and ^, — Occurs in natnre chiefly in combination 
with BULPHUB, as PbS" in galena ; also as cabbonatb, in lead spar 
or while lead ore, COPbo" ; as sulphate, in lead vUrioly SOtPbo , in 

gmf>^ Pbo I ^r\ 

leadhillite, JC^ Pbo'Tbo", and in la/mrhUe, ^n P^"» ? ^ o^^- 
*^ gpbo- I ^^\ 
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p^„ ; as PHOSPHATE and OXTCHLORIIXB, in 

PbOl 
pyromorphUe^ PsOgPbo"* I q^ Pb" J. 

EXAMINATION IN THE DBY WAT. 

The principal blowpipe reaction consists in reducing these 
minerals on charcoal to metallic lead, either by themselves, or in 
conjunction with sodic carbonate, or potassic cyanide, and in the 
yeUov) incrustation of oxide which they yield, which disappears 
when heated in the oxidizing flame, imparting a blue colour to the 
flame. The change which t^es place when gatenoj PbS, is heated 
with sodic carbonate in a crucible, out of contact with air, is ex- 
pressed by the equation : — 

7PbS + 4C0Naoa = 4Pb + SPbNasa + SOJ^ao, + 4C0, j 

Fusible slag. 

but when heated in contact with air, or in the presence of an 
oxidizing agent, such as saltpetre, the loss of lead in the slag is 
avoided, thus : — 

PbNas, + 70 + CONaoa = Pb + 2S0aNao, + CO, 

When galerui is roasted in a glass tube open at both ends, it i6 
converted into SO»Pbo", PbO and S0», thus : — 

(1) PbS + 04 = SOaPbo". 

(2) PbS + 0» = PbO + SOa. 

With borax and microcosmic salt, lead compounds ^ve in the 
outer flame a clear yellovnsh glass (owing to the combination of the 
PbO with the boric or phosphoric acid, and formatioti of a sodio 
plumbic borate or phosphate), which is colourless when cold. 

All lead mmerals, especiaUy the antiinonial sulpho-salts, houlatifferUe, SbtPbsa, 
bowmonite, 8b3PbB''3(Gu^''^'', jametonite, Sb^SaPbs'Tbs"]) and ttrffenH/erom* 
galena oontaiii more or less silver, as may be ascertained by carefully cupelling 
the metallic button on charcoal (oomp. silver, page 222). 

The presence of antimony, arsenic, and sulphur reveids itself, when these ores 
are heated on charcoal (garlic odour and fumes of ASjOg, or SbsOg), or in a 
glass tube open at both ends (white sublimate, fumes and odour of 8O2). 

REACTIONS IN THE WET WAY. 

For the reactions of lead in the wet way we employ either A 

SOLUTION OP PLUMBIC NITRATE, 2o'^^"» ^^ acelatc ( I ^Qp^^" i 

most other plumbic Salts being insoluble in water. 

HCl (sTOup-reaveiit) or soluble cblorides give, with a not too 
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$lnte solution of phjTnKj^ f^Ht^, % hfi^fioy V^te psecipitate of givitMa 
Chtorlde, PbClt, soluble in much cold water, readily in boiling 
irater, finom which the plumbic chloride crystallizes out, on cooling, 
in fine needles ; less soluble in solutions Containing dilute hydro- 
chloric or nitric acid. Ajjomonia convertiS it into a basle salt, of the^ 
composition, PbHoOl {phimbic chlorohydrate)^ — a white powder, 
almost insoluble in water. 

NaHo or KHo precipitates plnmble hydrmto, PbHoj, soluble in 
excess of the reagent, especially on heatii^. The PbHos must be 
viewed as acting the pcu*t of a weak acid, on combining with the 
strong alkali base. 

AmHo precipitates a whiie baoie salt, insoluble in excess. The, 
predpitate forms only slowly in a solution of plumbic acetate. 

8H3 precipitates black pliunble sulphide, VbS, from acid solu- 
tions. If a large excess of hydrochloric acid be present, the pre- 

rPbCl 
cipitate is reddish hrown^ consisting of < S , (dipluvMc vidpho^ 

iPbCl 

dichloride). On diluting considerably with water, a black precipitate 
is obtained. 

SAma or Miiible siUphMcs precipitate likewise black PbS, in- 
soluble in dilute acids, alkalies, and alkaline sulphides. Plumbic 
sulphide is soluble in hot dilute nitric acid, plumbic nitrate being 
formed with separation of sulphur. Concentrated nitric acid con- 
verts it into SOaPbo" ; the oxidation extendi ^ the sulphur as well 
as to the lead. 

SOsHos and soluble solpbates precipitate wkiie plnmble ink 
phate, SOaPbo", insoluble in water, especially in the presence of 
excess of dHute sulphuric acid ; insoluble also in cold dilute acids, 
soluble in boiling hydrochloric acid, from which plumbic chloride 
crystallizes out on cooling ; soluble in potassic hydrate, and, lastiy, 
readily soluble in concentrated solutions of pertain salts, such as 
ammonio acetate, or tartrate, in the presence of excess of ammonid 
hydrate, from which solutions SOsUoi, SAms, or CrOaEios, pre- 
cipitate the lead agai4. Boiling with sodio oarbonat^ ponverts 
SOaPbo" into insoluble COPbo-'. Plumbic sulphate' separates 
from dilute aqueous solutions only on the addition of alcohol 
(liiethylated spirit). 

CrrOaKoi precipitates yellow pliunble ciiramate, ChrOsPbo-' 
(chrome yellow) y readily soluble in potassic or sodic hydrate ; diffi- 
cultly soluble in dilute nitric acid, insoluble in acetic acid.. 

CONaos, as well as COKoi and COAmoi, give a while precipitate 
of a basle carlMiimte (white lead) of varying composition, usually 
considered to contain two molecules of tdumbic carbonate and one 

molecule of plumbic hydrate, viz., co^OPbHo^^*^" (*»^^«*w»Wc 

dihydrate carbonate), insoluble in water and in potassic cyanide. 

KI gives a yellow precipitate of plmnble Iodide, Pbia, soluble 

in excess of the reagent ; also soluble in much water, from which it 

separates, on cooling, in beautiful golden yellow scal^* 

Q 2 
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KCy precipitates white pliunMe eruilde, IPbCjs, insoluble in 
excess, soluble in dilute nitric acid. 

Soluble pho»phate9y araemteg and eirMeniaiM, aiUcaief, borates, oxtUaies, tart- 
rates, cUrates, ferro' and ferricyaiudeM ffive precipitates with plumbic Baits, 
which are insoluble in water, but soluble m dilute nitric acid. These precipi- 
tates possess, howcTer, only a secondary interest. 

Metallio iron or zinc precipitates lead from its salts. This is seen very 
strikingly on dissolving a row ounces of plumbic acetate [sugoir of lead) in dis- 
tilled water, with the addition of a little acetic acid, and suspending in the 
solution a piece of zinc from a thread. The zinc becomes covered with a 
beautiful crystalline deposit of metallic lead, which increases rapidly, if the solu- 
tion be left undisturbed, and acquires the appearance of a branch of a tree 
(arbor Satumi). The metallic structure can be preserved for days in unaltered 
beauty. On removing the precipitated lead firom the piece of zinc, the latter is found 
much corroded and consioerably diminished in size and weight. The lead may 
be collected on a filter and washed with water, dried and fused in a crucible, 
under a covering of borax, to a bright metallic button. A quantity of zinc, 
atomically equiv^ent in weight to the precipitated lead {i.e., 65 parts by weight 
of sine for every 207 of lea^ must have dissolved, and is found in the solution, 
in the form of zincic acetate. The atomic weights of Zn (65) and Pb (207) can 
be determined roughly, by weiffhins the metalUc zinc, before and after immer- 
sion, as well as the precipitated lead. 

Heat a littJe red leadtrhfi^, in a small porcelain crucible. The colour chances 
to yellow. Repeat the experiment by heating another portion in a test-tube, 
to which a delivery-tube is attached. A gas is given off, which may be collected 
in the usual manner over water. The residue is dark yellow, and on cooling 
turns bright yellow. It consists of plumbic oxide, PbO {lithaiye), and the gas 
is oxygen, as can readily be ascertained, by introducing a glowing splinter of 
wood into it, Fb304 *- 3FbO + O. 

Treat a little !Pbs04 with dilute hydrochloric aoid in a test-tube, and heat 
gently. A greenish yellow gas comes off, and the red lead dissolves to plumbic 
chloride, 'fae gas is readily recognized by its odour as chlorine : — 

Fb804 + 8HC1 « SFbCla + CI2 + 40Hs. 

Tr«at another portion of red lead with dilute nitric acid. The red colour 
changes to brown — the colour of plumbic dioxide, PbOj. The reaction is ex- 
pressed by the equation — 

Fbs04 + 4llO,Ho « 2 So*^^" ^ ^^^^ ■*■ ^®^«' 

Lead can thus combine either with one or two atoms of oxygen to form PbO 
or PbO] ; it can exist in the dyad or tetrad condition (Pb'' and Pb*^), and red 
lead is obviously composed of two oxides of Pb^^Oj + 2Pb"0. The plumbic 
dioxide in red lead yields the oxygen. It is written graphically : — 

Pb»'Pbo", « Pb^Q ^ (Triplumbic tetroxide). 

The minerals plattnerite, PbOi, and nUnium, Pbt04, represent the corre- 
sponding natural oxides. 

It is evident from the above experiments, that lead occurs more frequently in 
the dyad than in the tetrad condition. 

SOsHo] forms with PbOj a sulphate, oxygen being given off. 

PbOt absorbs sulphurous anhydride abundantly, forming SOsPbo". 
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Hd liberateB chlorine from plumbic dioxide. 

Mimmm, or red lead, and the brown plumbic dioxide are powerful oxHizUtg 
agents. They fumiBh us likewise with ready means for preparing chlorine 
gas. 

QUESTIONS AlTD EXERCISES. 

1. CSalcnlate the percentage composition of plumbic acetate. 

2. How much oxygen by weight and by volume (at 0" C. and 760 mm.) can 

be obtained from 80 grms. of red lead ? 

8. Write out the symbolic equations for the reactions of lead in the wet way. 

4. How can Fb be separated from Ag, in the wet way ? — 1st, by usin^ hydro- 
chloric acid ; 2nd, potassic cyanide ; 8rd, sulphuric acid, as a precipitant. 

6. Give mphic formula for fohite lead^ red lead, plumbic acetate, mendi^pHej 

Slumbic chlorohydrate, plumbic nitrote and chromate, diplumbio sulpho- 
ichloride. 

6. How much HCl by weight will be re<}uired to decompose 10 grms. of red 

lead; and how much chlorine gas will be eyolyed — 1st, by weight ; 2nd, 
by volume at 0° 0. and 760 mm. pressure P 

7. How would you separate Pb and Sb in type metal P 

8. Describe how you would analyze an alloy of 5 parts of lead, 8 P^^ of tin, 

and 8 parts of bismuth, a so-calledyim&20 alUty melting at 98 C. 

9. Calculate the percentage composition of Pb4Sb (type metftl). 

3. MERCURY.— (MercnrosTim) Hg,". 

We employ A solution op meecubous nitrate, S r)''Sg2o". 

HCl (sTOup-reaveiit) or soluble emorldea give a white precipitate 
of mercuroiiB chloride, 'Bg'iCU (calonid), whicli is insolable iki 
dilute acids and is blackened by KHo or An^o, the latter converts it 
into 'Bg'aO and mercurosammonic cJdoridej VH^ '"ELg'tCl. Mercnroos 
is converted into mercuric chloride by the addition of chlorine water. 
Concentrated hydrochloric acid converts it, upon long-continued 
boUing, into BgCla and grey metallic mercury. Nitric acid oxi- 
dizes it readily into BgCU and wq^^^'i ^^ evolution of nitrous 

fumes. Dry 'Bg^aCla sublimes unchanged. 

NaHo or KHo gives a black precipitate of merenroiu oxide, 
'aO, insoluble in excess. 

AmHo produces a black precipitate of bmslc dlmerenrosmnuBOiilB 
nltnrte, thus : — 

2jg|Hg,o" + 4AmHo = IT.O.'Hg'^" [^ 'Hg'.O,]" 

Basic dimercurosanmionic nitrate* 

+ 2NOaAmo + 30Ha. 
insoluble in excess. 

SHa precipitates black merenroiu ralphlde, 'Bg'aS, insoluble in 
excess or in dilute acids ; soluble in aqua regia or in yellow potassio 
sulphide. When boiled with concentrated nitric acid, the second 

atom of mercury in 'Bg^S is converted into «»Q'Hgo*,and a white 

compound of mercuric nitrate and sulphide is formed — 



(J^Hgo'sags ) 
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SAnia produces the same {)recipitate. 

A clean strip of metallic copper precipitates from mercuroos 
solutions metallic mercury, cupric nitrate being left in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like sihrer. The more electro- 
iposUwe metals, Ou, Od, Zn, Fe, Pb, Bi, pfeetpitate the less electro- 
positive metal Hg. 

8OH03, SOaFeo", or SnClt prodiices a gr^ precipitate of 
metallic mercury. On decanting uie liquid and boiling the grey 
, deposit with hydrochloric acid, distinct metallic globules are obtamed. 
The changes may be expressed thus : — 

jJ^'Hgao" + SOHo. + OH, = 2Hg + SNOJSo + SOaHo,. 

sJ^'Bgab" + 6S0,Feo" = 6Hg + 2(SOa)8FeaO^ 

•+ .(WOa)eFeio^. . 

Jg'Hgao" + SnCl, + 2HC1 = 2Hg +^BneU 

+ 2NOaHo. 

Mercuroud sal ts act iftniGf th^ piaH of oxidizing a^mlsi^hen coming 
in contact with more powerful reducing* agents : 'ft' piroperty 'which 
in Conjunction with the reducvrtg action which they exett under 
'forourable eircdmstanoeSj'proTes clearly that the double atom 'Hg'a 
•possesfiies but little chemical affinity for other elements, and that the 
catnpotmds which itfonns are rather unstable, 

QUESTIONS AKD BXERCtSEB. 

1. Write oat the graphic formnliB of etdomel, mercuroiis niti«te, mercuroos 
. r oxide, xnerpurbeammonic chloride, basic dimercoroflaminonio nitrate. 

2. Write out equationB for the reactions which merourous compounds giye in t&e 

wet way. 
^.'tt6wbi(n 1b^re{d!y)lis clildride be converted into mercuric chloride? Give 

equations. 
4. How much c€Uomel <«can be manufactured from 20 lbs. of metalH<^ mercury ; 

and how much pOaHo^ and NaCl by weight will be required ? 
6. B^lain the abtion of metallic mercury upon mercurous nitrate. 

6. What is the action of boiling nitric acid upon SfTs^ ^ 

7. In what manner can Sg^C^a &i^d SfTsCla be distinguished from each other by 

the reactions in the dry way P 

8. State under what conditions mercurous salts play the part of oxidizing, 

or that of rediiciiig' agents. 

A method of dfifparating the metals of Group I will readily 
suggest itself, and' fi tabular analytical scheme may be drawn up 
without much difficulty, if we belu' in mind : — 

1st. The solubility of VbCla in hoilin^'water, 

2nd. The solubility of AgCltn AmHo, 
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3rd. The conversion of the BgaCl2 into black NHa'Hg,'Cl 5^ the 
action of AmHo. 

Table I in the Ana^tical Tables at the end of the book embodies 
this method of separation. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP I. 

1. {Celt a sample of galena for Bilyer in the dry way. 

2. Analyze a sample of ruby silver in the dry and in the wet way. 

8. You haye given to you some precipitated argentic chloride, dilute HCl, and 
a strip of metallic zinc. How would you prepare pure metallic silver ? 

4. Analyze a solution, containing '010 grm. of Ag, as HOsAgo, '100 grm. of Hg, 
as Ha04Hgjo" and 010 grm. of Pb, as Ha04Pbo". 

6. Describe what takes plj^use when a solution of argentic nitratOi containing 

about '010 grm. of Ag, is added to a hot saturate solution of KCl. 
, 6. You have given to you a mixture of red lead and calomel. What takes place 
when the mixture is treated with HCl? 

7. Analyze a mixture (about *060 grm.) of white areemc and corrosive eubUmate, 

both in the dry and wet way. 

8. Test a commerciid sample of BaCls for lead. 

9. Test a sample of white lead paint for impuritiesi insoluble in dilute nitric acid, 

and examine the acid filtrate by the respective group-reagents. 
10. Prepare some pure HOjAgo from an alloy of copper and silver. 



Chapter VII. 
REACTIONS OF THE ACIDS. 

A. Inoboanic Acids. 

CARBONIC ANHYDRIDE, CO3. — Occurs in the atmosphere 

and in mineral waters. In the combined state it forms a constitnent 

. of many minerals, caUed carbonates^ which have for the most part 

been enumerated, in speaking of the natural compounds in which 

the different metaJs occur. 

BBACTIQNS IN THE DBT WAT. 

On ignition some carbonates undergo changes, others remain 
unchanged. The carbonates of the fixed alkali metals are not de- 

. composed by the strongest heat. The carbonates of all other metals 
are decomposed more or less readily into oxides (or metals), carbonic 
anhydride (and oxygen) being given off. Baric and strontic carbon- 
ates require the strongest white heat for their decomposition ; calcic 

. carbonate requires a strong red heat. All the others are readily de- 
composed on heating. The evolyed carbonic anhydride is a colour- 
less and almost odourless gas, heavier than air, and can be poured 
firom one vessel into another. When poured or passed into a test- 
tube containing lime- or baryta- water, a white precipitate is ob- 
tained, owing to the combination of the .p^rb9nic anhydride with the 
caustic alkaline earthy bases. 
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REACTIONS CS THE WET WAT. 

All normal carbonates may be divided into— 

let. CarhonaiM which are soluble in footer, oonsisting of the 
carWtea of the alkali metals and posseasinff an alkalme 
reaction. 

2nd. Carbonates which are insoluble in water, a few of which are, 
however, solnble in carbonic anhydride, with formation of 
acid carbonates, such as the carbonates of Ba, Sr, Ca, Mg, 
Fe", Mn". 

All carbonates are decomposed by dilute acids, — organic or 
mineral (with the exception of HCy and SHa). The decomposi- 
tion is marked by strong effervescence and evolution of CO3. (A 
few native carbonates, such as spathose iron ore, and dolomite, 
require the application of heat.) On passing the evolved gas into 
a solution of caustic lime or baryta, the carbonic anhydride becomes 
once more fixed, and the formation of a white precipitate (soluble 
in excess of the gas) confirms the presence of COt. 

MetalUc sulphites, sulphides, and nitrites are likewise decomposed by dilute 
acids with evolution of a gas ; but the eTolved SOj, SHj, or iVsOs gases are 
readily recognised by their characteristic odour or colour. In order to reoogniEe 
OO] in the pi«sence of 8O3 or 8H3, the gaseous mixture is first passed into a 
solution of an alkaline chronukte mixed with an acid, or into bromine water, 
or a solution of a cuprio or ferric salt, and then through lime- or baryta- water. 

QUESTIOKS AND EXEBCISSS. 

1. How would you prove experimentally the presence of carbonic anhydride, 

1st, in spring water ; 2nd, in atmospheric air j 8rd, in white lead ; 4th, in 
coal gas? 

2. Classify all metallic carbonates according to their respective deportment, 

1st, on iffnition; 2nd, on treatment with water; 3rd, in contact with 

excess of ClOs. 
8. What change takes place when tartaric acid and hydric potassic carbonate 

are mixed together P 
4. G-ive instances of normal and acid carbonates. 
6. Which is the most characteristic reaction for OO3 ? 

6. How would you recognise the presence of OO3 in a gaseous mixture, contain- 

ing SO2 and OOi, or SH, and OOj P 

7. How much OO2, by weight and by volume, can be obtained from 1*285 grm. 

of OOOao" P 

8. What change takes place, 1st, when a current of OO3 is passed through cold 

water ih which finely divided chalk is suspended ; and 2nd, when the 
Uquid is heated to boiling, subsequent to the passing of the gas P 

9. Bxplain the occurrence of GO3 in mineral waters and in atmospheric air. 

10. Explain the effect of boiling upon most spring waters. 

11. What is the usual composition of boiler deposits, and how would you pro- 

pose to prevent them P 

12. Explain what is meant by ietnp<yrary hardneM in waters. 



BULPHTTRIO ACQ), SO3H03.— This is one of the most 
powerful acids, for it is capable of displacing, in the wet way (with 



SULPHURIC ACID. 233 

few exceptions), all other acids from saline compounds. It forms 
with bases a series of very important salts, — ^the sulphates, most of 
which have already been enumerated on treating of the natural com- 
pounds of the various metals. 

EEACTIONS IN THB DRY WAT. 

On heating a sulphate on charcoal, in the reducing flame, 
together with CONaos (free from sulphate), sodic sulphide ia 
formed, thus : — 

SOaMgo" + 20 -h CONao, = SNa, + MgO + SCO,. 

The frised mass gives off SH,, when treated with a strong acid 
(HCl), readily recognized by its odour. When placed on a bright 
silver coin and moistened with a drop of water, it produces a black 
stain of argentic sulphide. This reaction applies, however, to all 
sulphur acids, without exception, and it is impossible to prove 
thereby the presence of SOaHoj any more than that of some other 
(lower) oxide of sulphur. 

Heated by themselves, the sulphates of the alkalies and alkaline 
earthy metals, as well as of lead, are not decomposed. All other 
sulplmtes become decomposed more or less speedily on ignition, 
giving off sulphuric or sulphurous anhydride and oxygen, according 
to the nature of the metal, e,g. : — 

2S0,Feo" = PeaO, + SOs + SOa. 
lOaCuo" = CJuO + SO, + O. 



REACTIONS IN THB WET WAT. 

A SOLUTION OF POTASSic SULPHATE, SOaKo,, may be employed. 

Sulphuric acid forms normal and acid sulphates, which are 
mostly soluble in water, the exceptions being baric, strontic, calcic, 
and plumbic sulphates. (A few basic sulphates are insoluble in 
water, but soluble in acids.) 

BaOl, or VaOiBao" gives a white finely divided precipitate of 
baric mdphate, SOsBao", insoluble in dilute acids. Oare must be 
taken not to have too much free hydrochloric or nitric acid present, 
lest any of the baric salts be precipitated : baric chloride and nitrate 
being much less soluble in strong acids than in water. K a very 
dilute solution of a sulphate has to be precipitated, the solution 
should be heated to boiling, and allowed to stand for some time 
after the addition of the banc salt. 

This reaction diBtuuruishes SO,Hos from all other acidn, except hydro- 
fluoflilicic aoidi 2HF, 8IF4, and selenic acid, SeO,Hoi, which alao form 
insoluble baric salts. 

Soluble salts of strontium, calcium, and lead produce white precipitates of 
■trvntle, calele, and plumbic snlplifttes, which are more or less soluble in 
large quantities of water : SOjCao'' being the most soluble (500 parts of water), 
SOsSro'' dissolving in 9,000 parts of water, and SOsPbo'' in 22,000 parts of 
water only. 

Since bario salts answer eyezy purpose, recourse is rarely had to theae 
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Teaotions in order to detect aulphuric aoid. The addition of aloobol (metl^latfid 
•epirit), ensures the complete precipitation of Btrontic, calcic, and plumbic 
sulphates. Most soluble sulphates can, in £&ct, be precipitated from their 
aqueous solutions bj the addition of strong alcohol. 

In order to detect free sulphuric acid, by itself, or in the presenoe of a eul- 

Ehate, the solution is eyaporated to diyness on a water-bath, together with a 
ttle cane sugar. A blackened or charred residue indicates free sulphuric acid, 
as no other acid is capable of decomposing cane sugar in like manner. 

An insoluble sulphate can be decomposed by continued boiling 
with a concentrated solution of an alkaline carbonate ; more readily, 
however, by fusion with alkaline carbonates (lesion mixture), into 
a soluble alkaline sulphate, and an insoluble carbonate or ogcide of 
the metal, thus : — 

2SO,Bao" + CONao„COKo, = SO,Nao„S03Ko, + 2C0Bao". 

280,Pbo" + CONao^COKo, = SO,Nao»SO,Kot + 2FbO 

+ 2C0,. 

The fiued mass is extracted with boiling water, and the insoluble 
carbonate or oxide separated by filtration m)m the soluble alkaline 
sulphate. The residue is examined as usual for base, and the solu- 
tion for sulphuric acid, by acidulating with dilute hydrochloric acid 
.(in order to destroy the excess of alkaline carbonates), and adding 
BaOlj. Calcic sulphate dissolves in amnionic sulphate and excess 
of AmHo ; plumbic sulphate in ammonic acetate or tartrate, or in 
sodic hyposulphite.. 

QUESTIONS AND EXERCISES. 

1. Classify all metallic sulphates according to their solubility in water. 

2. How are metallic sulphates detected, in the dry way P 

3. Explain the action ot heat upon the different metallic snlphates. 

4. How is free sulphuric acid detected ? 

5. How would you detect a soluble sulphate, in the presence of £re6 sulphuric 

acidP 

6. Describe shortly in what manner S02Bao^ SOaSro^ S9sCao", and 

SOsPbo'' differ from each other with regard to their solubility in water, 
and their respective deportment with various other solvents. 

7. How are insoluble sulphates examined qualitatively P 

8. 1*648 grm. of a sample of eoda-tuh yielded '284 grm, oCSOsBao'' ; what is 

the percentage of sodic sulphate in the a<ih P 



SULPHITROnS ACID^ SOHo,.— Obtained as gaseous an- 
hydride, 802, whenever sulphur is burnt in air or oxygen, or when 
metallic sulphides (jpyrites, blende, galena, etc.), are roasted with 
free access of air ; also by the . partial deozidation of sulphuric acid 
by means of metals, such as- Cu, Hg, Ag (comp. Exp.- 64), df char- 
coal and various organic bodies, of sulphur, etc. The gas is readily 
soluble in water, forming sulphurous add, SOHo2, which combines 
with bases, and forms a series of salts, normal or- acid, termed 
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*Btilphit66 : oomponnds ^fcron^ cli)a,racterized l^y £he tendency which 
they ezhihit to absorh oxygen and to hecome converted into .011I- 
phttbes. This property canaes SOHot, or anlphites, to be of consider- 
Able interest. 

HEACTKWS IN THE DBY WAT. 

Sulphurous anhydride is recognised by its characteristic odour, 
the odour of burning sulphur. It combines readily with metallic 
peroxides, such as Xffn02, PbOj, with formation of manganous and 
plumbic sulphates. In order, therefore, to remove SOs from a 
gaseous mixture, the latter is usually passed over PbOa. 

Hai)y soUd sulphites are decomposed by heat into sulphates and 
sulphides, thusr-^ 

4S0Nao, s SSOiNao, + SNa,. 

The earthy sulphites break i;p into oxides and sulphurous an- 
hydride. 

RBACTIONS IN THE WIST WAT. 

A SOLUTION OF sODic SULPHITE, BONaog, may be employed. 

Sulphites are examined by liberating sulphurous anhydride by 
. means of strong sulphuric or hydrochloric acid, the gas being readily 
recognized by its characteristic pungent odour. 

The only sulphites sbluble in water are the alkaline sulphites. 
Normal baric, strontic, calcic, and magnesic sulphites are insoluble 
in water, but are dissolved, to a great extent, by a solution of sul- 
phurous acid, with formation of acid sulphites, from which the 
normal salts are reprecipitated on boiling. They are also soluble in 
dilute hydrochloric acid (with partial decomposition) ; but on the 
addition qi an oxidizing agent, such as chlorine water, free iodine, 
Bodic hypochlorite, nitric acid, etc., they are immediately precipitated 
as insoluble sulphates (SOaMgo'' excepted). 

Sulphites generally contain sulphates. A precipitate consist- 
ing of baric sulphate is, therefore, frequently obtained on adding 
BaCla to an acidulated solution of a soluble, or to a dilute hydro- 
chloric acid solution of an insoluble sulphite. 

On filtering off the precipitate, and adding chlorine water to 
the filtrate, a further precipitate is obtained, showing the presence 
of a sulphite. 

Traces of Bulphtifoas acid are distingtoBhed with difficulty by the odour alone, 
• and it is preferable, therefore, to make use of the deoxidizing, as well as oxidizing 
action which the acid can exert. 

1. StUpkttront acid aels as a powerfkl reducing agent. 

HOjAgo gives with sodic sulphite a tckUe precipitate of arventle inlphlte, 
SOAgOs, soluble in excess of the alkaline sulphite, which blackens on heating, 
owing to the precipitation of metallic silver, and conversion of the SOHos into 
8O3H0S, according to the equation : — 

SOAgoj + OH3 « Ags +'B03Ho2. 

Vs04Hgto" produces a grey precipitate of metanie mercnrj, thus : — 

SOHgso'' + OHs - Hgs + SO^Hot. 
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The instances of the reducing action of sulphnrous acid are yery nnmeroos ; 
we need only refer here to its action upon solutions of AaClti Or02Ho,, 
FesCl«, and others, already noticed under the respective metals. 

2. Under favonrahle circumstances sulpkurotu acid aeU cu am oxidising offemt, 
especially when brought in contact with other more powerful reducing agents, 
such as nascent hyc&ogen, SHg, SnCls, etc. Thus, by introducing the least 
trace of SOHo,, or a siSphite, into a flask, in which hydrogen is generated firom 
sine and hydrochloric acid, SHj is immediately eyolved, together with the 
hydrogen, and may be recognized by its odour and action upon lead paper. The 
change is expressed as follows : — 

SOs + 8Hs « SHs + 2OH3. 

rS^OaHo 
8O3 and 8H3 giye rise to the formation of pentathionic acid, < S'\ 

LS'^O.Ho 
with precipitation of wkiie sulphur, according to the equation : — 



r SOsHo 
SOsHo 



SSOs + 68Hs « ^ Ss + St + 4OH3. 



Sulphurous acid added to stannous chloride in the presence of hydrochloric 
add, gradually precipitates yellow SllSs. The hydrogen of the HCl acts as 
the reducing agent, and is detached firom the chlorine by the simultaneous action 
of the SnCls and 80s, the one eager to combine with enlorine, the other capable 
of gelding oxygdu to the hydrogen, to form water, and ultimately sulphur, to form 
S&a, which in its turn acts upon the stannic chloride, SnCU (or SnCls) to 
form yellow stannic sulphide, BI1S9 (or brown 811S). The following equations 
express the changes : — 

(1) SOHo, -f 3SnCl, + 6HC1 = 3SnCl4 + SH, + SOH,. 

(2) BnCU + 2SH, = SnS, + 4HC1. 

Yellow 
stannic sulphide. 

QUESTIONS AND EXERCISES. 

1. Describe different methods of prepcuring sulphurous anhydride. 

2. How would you prepare normal and acid potassic sulphite ? 
8. What is the action of heat upon sulphites ? 

4. IVhich sulphites are soluble and which are insoluble in water? 

5. Giye illustrations of the reducing action of sulphurous acid or of soluble 

sulphites. 

6. Explam under what circumstances SO2 can act as an oxidizing agent ; giye 

mstances of such action. 

7. How would you distinguish SOHoj, in the presence of SOjHof P 

8. What changes take place when a mixture of dipotassic dichromate and sodio 

sulphite is treated with concentrated HCl ? Giye equations. 

9. How would you fix the 8O3, produced by the combustion of cazbonic 

disulphide contained in coal gas ? 



HYPOBULPHUROnS ACID, SSOHo, (aulpho-eulphtmc 
acid), — This acid has never been obtained in the free state. Com- 
bined with Boda it forms an important salt, viz., sodic hyposnlphite 
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(the hypo of the photographer), obtomed by boiling a solution of 
Bodic sulphite with sulphur, or by the oxidation of an n-IWIiTifl per- 
sulphide in contact with the air. 

EBACTIONS IN THB DEY WAT. 

All hyposulphites are decomposed on ignition. Alkaline hypo- 
sulphites leave a polysulphide and a sulphate, thus : 

4(SS0Nao,) = SftNa, + SBO^bxh. 

Others yield sulphides or sulphates with evolution of SO3, owing to 
the oxidation of a portion of the sulphur. 

BBACnONB IN THE WET WAY. 

A SOLUTION OP soDio HTPOSULPHiTE, SSONac^, is employed. 

Most hyposulphites are soluble in water (baric hyposulphite is 
difficultly soluble in cold water), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcic hyposulphite is 
gradually decomposed on boiling, the precipitate consisting of 
SOaCao ' and S. The same decomposition takes place more speedily, 
when hyposulphites are treated with sulphuric or hydrochloric acid. 
Sulphurous anhydride is evolved with separation of sulphur. The 
precipitated sulphur is yellow, and not white, as is usually the case, 
when sulphur separates in chemical reactions. This cha/nge chcu- 
racterizes hyposulphites. 

The same instabili^ of the sulphur atom, occupying the place of 
an atom of oxygen in bOsHoj, is observed, when hyposulphites come 
in contact with salts, whose metals form with sulphur insoluble 
sulphides. 

TtOiAgo gives a white precipitate of mrscntle hyposalpUte, 
SSOAgOa, soluble in sodic hyposulphite, which speedily turns 
yellow, then brown, and lastly black (SAga), especially on the 
application of heat, thus : — SSOAgOi + OH3 = oAgs + SO1H03 

VaOingso", and [ < co)^^" give similar precipitates, decomposed 

by heat into BgaS or PbS, and sulphuric acid. 

SnCla gives a hrovm precipitate of 811S. 

Hyposulphites like sulphites are readily oxidized, but yield under 
certain conditions oxygen to more powerful reducing agents, and 
become thus oxidizing agents. 

Free chlorine, sodic hypochlorite, ferric chloride, etc., oxidize hyposulphites 
oompletelj to sulphates, CTen in the cold, thus : — 

SSONao, + 4Cl8 + 50H, » 2803HoKao + 8HC1. 
SSONaos + 4ClNao + OH3 » 280sHoNao + 4NaGl. 

SSONaog gives with FOjCl^ at first a reddish yiolet coloration (Dipfbbbnob 
BETWEXK BULFHTrBS AND HTFOBULFHiTBs), hut on standing, the solution is 
slowly decolorized (more rapidly on heating), with formation of FeCls, thus :-* 

SSONaos -I- ^FesOltf + SOHs » 2S09HoNao + SFeCla + 8HC1. 
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add lulphiixetted nydzogen : — 

SSONao, + 4Hs + 2HC1 >- 28H, + SOH, + 2NaCL 

Sodic hyposulphite is a useful solvent for AgOl (hence its application in photo- 
graphy), BffsCls and SOjPbo''. Galcio hyposulphite, SSOCao'', has also found 
an interesting application^ as an agent for removing the last traces of ohloi^ine in 
the Ideachiug orpaper pulp, and from fiibrics bleached by means of hleachmg 
powder^ Oa(OCfl)Cl, to prevent their deterioration by the teaoes of chlorine 
which they are apt to retain. It has on that account received the name of 
antichlor. The nree hydrodiloric acid which is formed in the reaction is 
neutralized by passing the fabrics through a weak alkaline bath. 

The property of sodic hyposulphite of dissolving AgOl has found an important 
metallurgical application in the removal of silver from poor argentiferous, ore^, 
after they have undergone the process of roasting with common salt, which con- 
verts the silyer into AgOl, insoluble in water. 

Besides the three oxygen u/cids of sulphur just described, tfiere 
are others, such as dithionic, < «r\*S » trithionic, < S , tetra-, 

\so,Ho \sojao 

rsOaHo rsOaHo 

thianic^ < S3 and perUaihianic aoids^ < 83 , which 

tSO,Ho tSO^Ho 

occur but rarely, and resemble one another considerably in th^i'r 
reactions. Their consideration must be reserved for a more exten- 
sive course of study. 



QUESTIONS Am> EXERCISES. 

1. How is sodic hyposulphite prepared ? 

2. How would you prepare ferrous, aluminio, chiomioi and manganous hypo- 

sulphites? . 

3. How are hyposulphites a£fected by ignition P 

4. What change takes nlaoe, when a solution of calcic hyposulphite is boU^, Ist, 

by itself, 2nd, wnen it is treated with HCl ? 

5. Explain the action of sodic hyposulphite upon plumbic, ar^ntio, mercurous 

and stannous salts. 

6. Give instances, Ist, of the reducing action, and 2nd, of the oxidising aotion 

of hyposulphites. 

7. Explain the term antichlor. 

8. State what application sodic hyposulphite has found in phot^^graphy and in 

metallurgy. 

9. Give graphic formul® for sulphosulphuric, dithionic, trithionio, tetrathionio 

and pentathionic acids. 

10. How would you recognise a sulphite in the presence of a hyposulphite P 

11. How would you separate a hyposulphite firom a sulphate ? 

12. Calculate the percentage composition of sodic hyposmphite (SSONaoj -h SAq). 



HTDROSULPHURIC ACID| SHs.— Obtained as a colour- 
less gas by the decomposition of metallic sulphides, such as FeS, 
ZnS, SIhSa, by means of sulphuric or hydrochloric acid. It is 
characterized by a most foetid odour, resembling that of rotten 
eggs. It is absorbed by cold water, forming sulphuretted hydrogen 
water or hydrosulphurio acid, which reddens blue litmus-paper 
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feebly. SHa exchanges itis dttlphur for tbe^ oxygen of moit mekmWkf 
oxides, both in the dry and wet way, fbrtning water and metallic 
snlpbides. It is on thu? aocotmt a most yaloable reagents Many of 
these snlphides, for example, iron pyrite»y galenaf dn/nahar^ zmc 
blende, exist m nature in vast masses. 

BEACIIONS IK THE DBT WAT. 

Metallic sulphides are acted npon in varions ways, when sub- 
mitted to heat, oome are decomposed, when heated iu a close vessel, 
into metal and snlphnr, e.g., A»tL%Si; some snlphides, such as 
PtSa, FeS,, BbaSs, S11S9 PbS yield np a portion of their 
snlphnr and are reduced to iJftS, TeSi, SbaSs, 8nS, PbzS; 
others sublime without decomposition, such as ^iibSs {(ytpiment)y 
BgS {cinriahar). The greater number of metallic sulphides remain, 
however, xmdecomposed, when heated out of contact with atmo- 
spheric air. 

Most sulphides undergo a change, when roasted in a tube open at 
both ends. SAg2 leaves metallic sUver (usually also a little 
OsAgOa), the sulphur by combining with oxygen, passes off as 
O3; some sulphides leave a metallic oxide, e.g., onS, SI^Ss, 
'383; others again, such as the sulphides of the alkalies and 
alkaline earthy metals, are converted into sulphates. Plumbic 
sulphide {galena) is converted into a mixture of oxide and sulphate ; 
cupric sulphide, at a high temperature, yields 8O2 and CuO ; at a 
lower temperature SOaCuo". FeS and other sulphides of the iron 
group are partially converted into sulphates, which on the applica- 
tion of a stronger heat, lose their acid, leaving metallic oxides. 
Many native metallic sulphides are distinguished for their metallic 
lustra, such as iron and copper pyrites, galena, grey antimony. The 
presence of a metallic sulphide cannot, however, be inferred con- 
clusively firom the evolution of SO9, since earthy sulphites are 
broken up, on ignition, into oxides and sulphurous anhydride. 

BBACTION8 IN THE WET WAT. 

Alkaline and alkaline earthy sulphides are soliible in waler ({CaS 
and XmgS are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readily into metallic chlorides and SH^. All other 
sulphides are insoluble in waler. Many of the latter, such as F6S, 
BffnS, ZnS are decomposed by dilute hydrochloric acid with evolu- 
tion of sulphuretted hydrogen. Others require concentrated hydro- 
chloric acid, such as XfiS, CoS (difficultly soluble), SIhSs, 811S9, 
VbS. Sulphides which are insoluble, or difficultly soluble, in con- 
centrated hydrochloric acid, such as 91283* CuS, SAgs, are 
decomposed by concentrated nitric acid ; whilst others, such as 
BgS, PtSa, AOtSs, A82S3, dissolve only in aqua regia, or hydro- 
chloric acid and potassic chlorate, with separation of sulphur and 
formation of SOaHoa, and of a metallic chloride. On dissolving 
PbS, BnSa, SbaSs in concentrated nitric, instead of hydrochloric 
acid, they are converted principally into SOaPbo", SnOs, SII2O4. 
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Others (BgS excepted) are graduaUj oxidized by concentrated 
nitric acid into sulphates — ^at first with separation of snlphnr, 
which by prolonged digestion is converted into snlphnric acid. 

To detect SHs (in an aqueoiM solution) or a soluble stdphide (a 
solntion of SAnis may be conveniently employed), add a solution of a 
salt of cadmium, lead or silver, which gives by doable decomposition 
a characteristic precipitate of a metallic snlphide : fine yellow for 
cadmium, black for plumbic or argentic salts. 

To analyze a sulphide decomposahle by hydrochloric acidy the 
evolved sulphuretted hydrogen gas is made to act upon lead paper, 
or is passed through a solution of a plumbic salt. (Iron pyriies, 
PeSs, and copper pyrites, CllsS, Pe^Ss, give off SHt only in the 
presence of hydrochloric acid and zinc.) 

Sulphides which cure not decomposed by hydrochloric acid, yield 
sulphur oYi treatment with nitric acid or aqua regia, and mast be 
recognized by this and the products of decomposition, such as 
SnOa, SOsPbo", as well as the reactions which they give, when 
examined in the dry way. 

Manj native sulphides, such as fahl ore, etc., are expeditiously examined by 
heating the finely-powdered mineral in a hard glass tube, in a current of drj 
chlorine £as, wben the metals are converted into chlorides and the sulphur into 
volatile chloride of sulphur, which is decomposed on being passed into water. 

To detect a toluble sulphide in the presence of free SH,, add a few drops of a 
solution of sodic nitroprusside. This reagent does not afiect free SH}, but gives 
a fine purple colour with the merest traces of soluble sulphides. The colour dis- 
appears only after some time. 

A mixture containine a soluble alhaUne sulphide, hyposulphite, sulphite, or 
sulphate may be examined by adding GOCdo" to the aqueous solution. Filter, 
dissolve the excess of GOOdo" in the precipitate by means of dilute acetic acid ; 
a residue of yellow GdS indicates the presence of an alkaline sulphide. Add to 
the filtrate BaClf ; a precipitate is obtamed, consisting of SO^Bao and SOBao". 
Filter off; digest the precipitate with dilute hydrochlorio acid, and filter. A 
white residue shows the presence of an alkaline sulphate. Add chlorine water to 
the filtrate ; a precipitate of SO^Bao' indicates the presence of an alkaline sul- 
phite. The filtrate from the BaClg precipitate is searched for SSOH03 by the 
addition of HCl and boiling. A yellow precipitate of sulphur and the odour of 
SO] indicate the presence of a hyposulphite. 

To, remove SHj from a gaseous mixture of GOs and SHj, add a solution of 
cupric chloride and shake up with the gases; or pass the gases through an 
ammoniacal solution of argentic nitrate. 



QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when SHj is passed through saline 

solutions, the metals of which form insoluble sulphides. G-ive instances. 

2. Explain the action of heat upon the different metallic sulphides. 
8. Which sulphides are soluble and which are insoluble in water ? 

4. Explain how certain sulphides are affected by dilute hydrochlorio acid, and 
^ how by concentrated hydrochloric acid. G-ive characteristic instances, 

^- and express the changes by equations. 

6. Describe the most deUoate reaction for gaseous SH3, and state how fireeSHj 
can be distinguished in the presence of a soluble sulphide. 

6. What is the action of nitric acid upon ZnS, PbS, GuS, SnS, SbjSa ? 
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7. How would you prove the pretence of an alkaline sulphide, hyposulphite, 

sulphite, and sulphate in an aqueous solution ? 

8. State how you would separate SHg and GOf contained ^i a gaseous mixture. 

9. How can you pioTC the presence of SH} in coal gas P 

10. 10 litres of unpurified coal gas yielded '2S5 grm. of GdS. What is the 

percentage of SH3 in the gas ? 

11. -660 grm. of sfolena gave -532 grm. of SOsPbo". What is the percentage of 

Pb and of S in the galena ? 

12. What ohan^ takes piifoe when PtSj, Sb]S», FeSs, AsA, and HLgQ are 

heated with exclusion of air P 
18. How would you test for SH^ in sewer gases ? 

14. What action has SH3 upon white lead paint ; and how would vou propose 

to remove FbS from oil paintings, so as to restore the ong^iniu -mute 
colour P 

15. How would you detect sulphur in pig iron F 

16. Explain the action of chlorine, bromine, and iodine upon SHf. 

17. How is sulphur detected in organic compounds, such as coal ? 



NITRIC ACID, NOjHo.^Obtaiiied as a colourless, highly 
corrosive, volatile liquid, of a deep yellow colour when it is mixed 
with nitrous acid, NOHo. It is characterized by the &cility with 
which it parts with its oxygen (comp. Chapter XIY.), and it is this 
property of which we avail ourselves invariably, when nitric acid or 
a nitrate has to be detected. 

BEACTIONS IN THE DBT WAT. 

Most nitrates fuse readily when heated. All are decomposed 
when exposed by themselves to a high temperature. The decomposi- 
tion varies with the nature of the base ; a lower oxide of nitrogen, 
and oxygen being generaUy given off. Thus ammonic nitrate, 
ITO^Amo, breaks up into ONt and OHi ; potassic or sodic nitrate 
into nitrite (always contaminated, however, with nitrate and caustic 
alkali), with liberation of oxygen and ultimately into oxide — ^nitro- 
gen and oxygen being given off; others, such as plumbic nitrate, 
into O and If 3O4, leaving the oxide of the metal. When heated 
together with bodies eager to take up oxygen, such as carbon (char- 
coal or alkaline cyanides), sulphur or phosphorus, the decompo- 
sition becomes explosively violent, and nitrogen gas only is left as 
the remnant of the molecule ZfsOs. (Chlorates explode in like 
manner, but leave metallic chlorides.) 

BEACTIONS IN THE WET WAT. 

With the exception of a few basic salts, nitrates are readily 
soluble in water : hence nitric acid cannot be tested in the usufJ 
way, by producing precipitates by way of double decomposition. 
When acted upon by various reducing agents, the deoxidation of 
the acid may be partial (accompanied by the evolution of lower 
oxides of nitrogen), or complete (nitrogen only being left) ; in which 
case the nascent nitrogen is capable of combining with hydrogen in 
the nascent state to form ammonia, ZTHa. (Comp. Exp. 69.) 

B 



^ 



^ 
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1st. Beactions in which If OaHo is reduoed to lower oxides of 
nitrogen, 

A SOLUTION OP. NiTEic ACID OR OP POTASSic NITRATE, N02Ko, may be 
employed. 

If OaHo (or If O2K0) is decomposed when heated with concen- 
trated hydrochloric acid (or a chloride when heated with nitric 
acid). Chloronitric gas, lf202Cl4, is evolved (comp. p. 86), and 
the liquid acquires the power of dissolving gold-leaf or platinum 
foil, which are not soluble in single acids. (Chlorates, bromates, 
iodates, chromates, and permanganates evolve chlorine when treated 
with hydrochloric acid ; they dissolve gold or platinum, but give off 
no JXjbi.) 

Add to a dilute solution of ferrous sulphate cautiously its own 
volume of concentrated sulphuric acid (free from nitric acid), and 
allow the mixture to cool ; then add gradually a solution contain- 
ing a nitrate. A ring is seen to form at the point of contact of the 
two layers, of a violet, red, or dark brown colour, according to 
the quantity of the nitrate present. The coloration is increased by 
carefully shaking up the fluid, but it disappears on heating. This 
is owing to the formation of a transient compound of the ferrous 
salt with If 902, consisting of four molecules of the salt with one 
molecule of nitric acid (4SO»Feo", ZffOt). The other three atoms 
of oxygen from two molecules of nitric acid oxidize six molecules of 
ferrous into three molecules of ferric sulphate, SaOcFcaO^. This 
constitutes one of the most delicate reactions for nitric acid. The 
change may be expressed thus : — 

SO,—, 
lOSOjFeo" + 3SO,Hoa + 2WO2H0 = SSOaFe^o^ -f- 4S02Feo", 

SO2— ^ 
WaOa H- 40H,. 

A Bolution of ITO3K0, when added to a solution of indigo in nulphuric acid 
(sulphindigotic acid), changes the blue colour of the indigo to yellow. (Free 
chlorine and other oxidizing agents bleach indigo likewise.) 

Metallic copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid 
with evolution of ruddy fumes, and by ZfOsKo on the addition 
of sulphuric acid. 

A similar reaction takes place, when copper filings are mixed with a nitrate 
and hjdric potassic sulphate and fused in a test-tube or crucible. 

Minute quantities of nitrates found in mineral waters, in rain 
water, or water draining from arable land, may be detected by first 
reducing the nitrate to nitrite. This is effected by heating the solu- 
tion for some time with a little zinc amalgam. On filtering and 
adding to the filtrate a solution of ferrous salt, a dark brown colora- 
tion is obtained; or by adding a drop of a solution of potassic 
iodide, some freshly prepared starch solution, and a little acetic (or 
yei-y dilute sulphuric) acid, a fine blue precipitate of iodide of starch 
is produced, thus : — 
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2HrOKo + 2KI + 2S02Hoa = WaO, + 2SOaKoa + I. + 20H,. 

This reaction is exceedingly delicate. 

2nd. Reactions in which tiTOsHo is reduced entirely and is con- 
verted into ammonia^ If H3. 

All nitrates when fused with KHo, CaHo« or soda-lime and some 
non-nitrogenous organic substance, such as sugar or starch, evolve 
ammonia, thus : — 

3WO2K0 + 9B:Ho + CeHiaO. = 6COK0, + 3WHs -f 60H,. 

Sugar. 

The gas may be readily recognized by its odour, or action upon 
red litmus paper. 

Nascent hydrogen, produced by the action of KHo upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of ITHs, thus : — 

(1) Zn + 2KHo = a&nKoa -f H,. 

(2) WO,Ko -f 4H, = WH, H- KHo -f 20H,. 

When SnCU, HCl, and a nitrate are heated together, the ten- 
dency of the stannous chloride to combine with two more atoms of 
chlorine to form stannic chloride, aided by the oxidizing action of 
nitric acid upon the hydrogen, breaks up HCl, with formation of 
SnCU and HHa, thus :— 

4SnCl, + WO,Ko 4- lOHCl = 4SnCl4 -f- If H4CI -h KCl 

+ 30H,. 

To detect /r«e nitric acid in the presence of a nitrate, evaporate the solution 

•ics. Nitric 



on a water-bath with quill cuttings or white woollen fabrics. Nitric acid colours 
these substances yellow. Or digest the solution at a gentle heat with GOBao'^ 
filter off and test the filtrate by means of sulphuric acid and ferrous sulphate. 



QUESTIONS AND EXERCISES. 

1. How is nitric acid obtained, and what are its characteristic properties? 

2. Explain what changes take place when nitrates are heated by tnemselves. 
8. Explain the action of aqua regia upon metallic tin and antimony. 

4. State what action takes place when ferrous, cuprous, and mercurous chlorides 

are heated with nitric acid. 
6. Why can the metals Cu, Fb, Ag, be employed for the detection of nitric acid 

or a nitrate P 

6. Explain what changes take place when a solution of potassic nitrate, potassio 

iodide, starch, and dilute sulphuric acid are mixed together. 

7. What is the action of concentrated nitric acid upon the metals Fe, Sn, Sb, 

Pt? 

8. How can ammonia be obtained from a nitrate ? Describe sereral processes. 

9. How would you test for nitrates in a soil, in sewage water, in mineral 

waters? 

10. How much ferrous sulphate (SOHogFeo^^ + 6aq.) is required for the complete 

decomposition of 1 grm. of pure potassic nitrate ? 

11. Calculate how much nitre is required to deflagrate, 1st, 1*6 grm. of sugar, 

and 2nd, '5 grm. of sulphur. 

12. How is free nitric acid detected in the presence of a nitrate ? 

B 2 
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NITROUS ACID, NOHo.— Obtained bj the decomposition 
of IfaOiin the presence of water (comp. Chapter XIY.) according to 
the equation : — 

lf,04 + OH, = WO,Ho + WOHo. 

Its solution is prone to decompose into ITOaHo and Zr20i according 
to the equation : — 

3WOHo = WO2H0 + H.O, + OH„ 

Nitrous anhydride is decomposed by water into Zr02Ho and Zrt02, 
thus : — 

3ir,0, + OH, = 2WO2H0 + 2W2O,. 

• EEACTIONS IN THE DRY WAT. 

Nitrites fuse and are decomposed on ignition into oxides, with 
evolution of nitrogen and oxygen. Ammonic nitrite (WOAmo) 
breaks up, when heated, into nitrogen and water. Mixed with 
carbon, potassic cyanide, sulphur and other oxidizable bodies, 
nitrites deflagrate like nitrates, with which they have, in fact, most of 
the dry reactions in common. 

REACTIONS IN THE WET WAT. 

All nitrites are soluble in water ; argentic nitrite, If O Ago, is 
diflRcultly soluble, and serves for the preparation of pure nitrites, by 
double decomposition with neutral chlorides. Dilute acids (SO2H02 
or HCl) liberate ^,02 and convert a portion of the nitrite into 
nitrate, thus: — 

3WOKo + SO2H02 = HaOa + WO2K0 + SO,Ko, + OH,. 

The reactions by which the presence of nitrous acid can be readily 
recognized, may be divided into two classes : — 

1st. Reactions in which the acid acts as an oxidizing agent : — 

SH2 decomposes aqueous solutions of fdkaline nitrites, with formation of 
IT2O2 (of ITH3 when the reaction goes on for some time) and alkaline sulphides, 
thusi— >» 

2HOK0 + 2SH2 = HsO, + 20Hs + 82X3. 

In acid solutions the decomposition is accompanied by a copious separation 
of sulphur. 

Z'eCl2, on the addition of a Uttle hydrochloric acid, is turned dark brown, if 
VOHo is present, owing to the absorption of If jOg gas by a portion of the 
unoxidized ferrous salt. On the appUcation of heat IT2O2 is evolved, thus :— 

2reCl9 + 4HC1 4- 2HOEo ^ TefiU + 2Ka + H3O3 + 2OH2. 

VOCNH^O) breaks up into N and OH2, the hydrogen of the HH4 acting as 
this reducing agent. Nitrites containing fixed bases are decomposed in Like 
manner, on the addition of ammonic chloride (or some other ammonic salt), and 
on hiMktlng, thus : — 

GOAmoj + SHOKo » N4 + 4OH2 + GOKo,. 



HYDROCHLORIC ACH). 245 

KE and starch solution give in the presence of a nitrite and a dilute acid 
blue iodide of starch. (See under HI, p. 256). 

2nd. Beactions in which the acid acts as a redtidng agenty cmd is 

converted into nitric acidf thus : — 

2HOHo + Os "= 2HO3H0. 

AuCls and SgTjOla giro metallic gold and grej metallic mercury. 

i Mno' rOEoi ^^^^ nitrites into nitrates, and a permanganate solution 

is rapidlj decolorized, in the presence of a mineral acid (SOsHoj, HOI). 
CrOiKo 

O is reduced under similar conditions to a chromic salt. 

GrOsEo 

Nitrates are not affected by potassic permanganate op alkaline chromates. 
PbO] conrerts If OHo into If OsHo ; but does not act upon dilute If OfHo 
(Distinction bbtwbxn nitbovs and nitbio acid). 



{ 



QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when If sO^ is acted upon by KHo. 

2. Explain what takes place when nitrites are heated, 1st, by themselves ; 2nd, 

m contact with carbon or sulphur. 
8. How can If OEo be separated from If O3K0 ? 

4. What is the action of dilute sulphuric acid upon If OKo P 

5. GKtc instances, Ist, of the oxidizing, and 2nd, of the reducing action of 

If OHo ; and express the changes by equations. 

6. What are the proaucts of decomposition of strongly ignited If jO^Pbo'', 

V0(NH40), and MOKo? 

7. How can a trace of a nitrite be detected in the presence of a nitrate ? 

8. Explain the action of concentrated If O3H0, 1st, upon starch, 2nd, upon 

A83O,. 

SfO 

9. How would you prepare pure vq^^' ^ 

SfO 
10. Explain the action of heat upon a solution of wq^^' ^^ AmCl^ 



HYDROCHLORIC ACID, HCl. — This compound has 
already been described (page 68) as a colourless gas, which is readily 
absorbed by water, and forms one of the most important acids. 
Chlorides are among the most important chemicaJ compounds. 
They differ considerably in their physical properties. 



REACTIONS IN THE DRY WAT. 



Some chlorides are hquid and can be distilled without decom- 
position, such as SbCUy SnCU ; others are solid, fusible and non- 
volatile, such as AgCl, PbCl2,.BaCl2, NaCl. Upon ignition cerfein 
chlorides, such as AiUCU, PtCl^, are decomposed with eyolution of 
chlorine gas, first into AuCl, and PtCU, which are almost insoluble 
in water, and finally into Au and Pt. Magnesic chloride ia decern- 
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posed in the presence of water into BKgO and 2HC1. Anhydrous 
ferric chloride, when heated in contact with air, is decomposed into 
FezOa and 3C1,. 

Heated in a bead of microcosmic salt, saturated with C?uO, 
chlorides impart a hltie color to the outer flame, owing to the for- 
mation of volatile CuCU. 

When a dry chloride is mixed with dipotassic dichromate and 
concentrated sulphuric acid, and gently heated in a small retort, a 
deep brownish red gas, called chlorocliroiiilc add, CrOaCU, comes off, 
which condenses to a like coloured liquid and can be collected in a 
receiver. The reaction which takes place is expressed by the 
equation : — 

4NaCl + CnOftKoa + SSO^Ho, = 2Cr02Cla + 2SOj;rao, 

ChloToohromic acid. 
+ SOaKo2 + 3OH2. 

This liquid is speedily decomposed, on dilution with water, into 
chromic and hydrochloric acids, thus : — 

CrOaCU + 20Hj = CrOaHo, + 2HC1 ; 

or by ammonia or potassic hydrat<e into the corresponding salts. 
The presence of chromic acid and indirectly of hydrochloric acid is 
inferred from the yellow precipitate which a plumbic salt produces 
with their solutions. This reaction is employed for recognizing 
chlorides in the presence of bromides. The latter yield bromine when 
treated similarly. 

REACTIONS IN THE WET WAY. 

A SOLUTION OP soDic CHLORIDE is employed. 

All Chlorides may be divided into : — 

1st. Chlorides insoluble in water, such as AgCl and BgzClay 
which are quite insoluble; FbCU which is difficultly soluble in 
cold, readily soluble in boiling water; and CUaCla, A.uCl and 
PtCla, which are almost insoluble in water. 

2nd. Chlorides which are soluble in water, comprising all other 
chlorides. 

In order to ascertain the presence of a soluble chloride or of 
hydrochloric acid, we have merely to add a soluble argentic, mer- 
curous or plumbic salt, when a white precipitate is produced. The 
first of these salts answers every purpose, and is therefore invariably 
used to detect hydrochloric acid. 

nr OaAgo gives a white curdy precipitate of argentic chloriae, AgCl, 
especially from a solution acidulated with nitric acid. The precipi- 
tate^ turns violet on exposure to light. It is insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but is reprecipitated unchanged, 
on the addition of nitric acid ; it is likewise soluble in potassic 
cyanide and sodic hyposulphite ; soluble to a considerable extent in 
alkaline chlorides, from which AgCl is ^ eprecipitated on dilution. 
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Chloiides are detected also by heating with a little black man- 
ganic oxide and concentrated sulphuric acid, when chlorine is 
evolved according to the equation : — 

MnO, + 2NaCl + 2SOaHo, = CI-, + SOaMno" + SO,Nao, 

+ 20Ha. 

a gas which has been already described (Chapter YIII, Fart I) and 
which is readily recognized by its characteristic odour and bleaching 
properties, its yellowish green colour, and its action upon iodized 
starch paper, or upon a dilute solution of potassic iodide and freshly 
prepared starch, giving rise to the formation of blue iodide of 
starch. 

Concentrated sulphuric acid Kberates gaseous hydrochloric acid 
from chlorides, thus : — 

2NaCl + SOaHoa = SO^Naoa + 2HC1. 

BgCla, HgsCla, AgCl, PbCls, SnCla, and SnCli, are decom- 
posed, with difficulty only, or not at all, by concentrated sulphuric 
acid. 

In order to effect the decomposition of insoluble chlorides, such 
as AgCl, BgaCla, and PbCla, they are fused in a porcelain crucible 
mixed with fusion mixture perfectly ft^e from alkaline chlorides. 
The chlorine is transferred to the alkali metals, and may be readily 
detected by means of XTOaAgo in the aqueous extract, after acidu- 
lating with dilute nitric acid. 

Traces oi free HCl, in the presence of a soluble chloride, are best delected 
by gently heating with KnOa or PbOj, and passing the CYolved chlorine into 
a solution of potassic iodide and starch. The chlorine liberates iodine (2£I + 
CI] a= 2KC1 -f I;) which forms with the starch blue iodide of starch. 

QUESTIONS AND EXERCISES. 

1. State how you would prepare dry hydrochloric acid gas. 

2. How are the sereral solid chlorides acted upon by heat ? 
8. How is chlorochromic acid prepared ? 

4. Classify all chlorides according to their solubility in water. 

5. Describe the most characteristic teste for chlorine and £or hydrochloric acid 

or chlorides. 

6. How are insoluble chlorides examined ? 

7. How would you detect free HCl in the presence of a metallic chloride ? 

8. Explain the action of distilled water, of chlorine water, ammonic hydrate, 

potassic cyanide, sodic hyposulphite, and sulphuric acid upon AgCl, 

BflTsOls* and FbCl2. 

9. You hare given to you 100 c.o. of a liquid containing free Hd and a solu- 

tion of sodic chloride. 60 c.c. of the liquid gave 2*345 grms. of AgCl. 
After evaporation and ignition of the other 60 c.c. the residue yielded 
1*696 grm. of AgCL What is the percentage of HCl and of sodio chloride 
in the liquid 1 
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CHLORIC ACID, {q^q. — Obtamed, in combination with 

calcinm, by passing chlorine through a solution of calcic hydrate 
and potassic carbonate to complete saturation. To a concentrated 
solution of the calcic chlorate, formed according to the equation : — 

OCl 
eCaHoa + 6C1, = 1 5cao" + SCaCl, + 60H„ 



< 



o 

OCl 



add a solution of potassic chloride, when calcic chloride and potassic 

chlorate, s qit- 9 a-i^ formed by double decomposition. Potassic 

chlorate, being little soluble in cold water, and still less so in a 
solution of CaCla, crystallises out, and is washed with cold water 
and purified by recrystallisation. 

REACTIONS IN THE DRT WAY. 

All chlorates are decomposed by heat; they fuse aud evolve 
oxygen, or a mixture of cnlorine and oxygen, according to the 
greater or less affinity of the metal for oxygen or chlorine, leaving a 
residue, consisting of a metallic chloride, oxychloride, or oxide. 

On heating a few crystals of potassic chlorate in a test-tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the test-tube. On dissolving the &sed mass in water, 
and adding a drop of If O^Ago, a white curdy precipitate is obtained, 
whilst before ignition the chlorate solution gave no precipitate. 

Chlorates part with their oxygen far more readily, upon ig^tion, 
than nitrates. When mixed with oxidizable substances, such an 
C, S, P, or KCy, they explode violently, even when gently rubbed 
together in a mortar, or when moistened with a drop of concen- 
trated sulphuric acid. Care should, therefore, be taken to powder, 
or heat together, only very small quantities of a chlorate aud organic 
substances. 

REACTIONS IN THE WET WAT. 

A SOLUTION OP POTASSIC CHLORATE may be employed. 

AU ohlorates are soluble in water. In order, therefore, to detect 
a chlorate, we avail ourselves of its powerful oxidizing action, and 
its leaving for the most part a chloride on ignition. Hydrochloric 
and strong sulphuric acids decompose chlorates, with evolution 
of chlorine and formation of lower oxides of chlorine. 

Concentrated SOzHo^ decomposes potassic chlorate even in the 
cold, a greenish yellow gas^ called chloric peroxide, O4CI3, comes off, 
which is recognized by its suffocating odour. On the application of 
heat (especially on operating with somewhat large quantities) 
violent explosions occur. A few crystals only of the chlorate 
should, therefore, be employed, and the test-tuoe should be held 
with its mouth turned away from the operator. The change may 
be ezpresaed by the equation : — 
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^{oKo ■♦" SO^o, = SO,HoKo + i O 



OGl roGi 

+ << 0. + OH,. 

oKo Loci 

Potassic Cblorio 

perchlorate. peroxide. 

HCl, especially when heated, decomposes potassic chlorate, 
giving off a mixtnre of chloric peroxide and free chlorine, called 
etuMorinej thus : — 

SJ 2S.+ 24HC1 = si O, + 9Cla + 8KC1 + 120H,. 
IQKo l^^j 

A solution of indigo (sulphindigotio acid) is decolorized on the 
addition of a solution of a chlorate and a little sulphuric acid, by a 
reaction analogous to that produced by free nitric acid. 

In order to disHnguUh a nitratefrom a ehlortttef dissolTe a sinall portion of the 
two ealtB in water, and add a few drops of argentic nitrate to make sure that no 
chloride is present. Ignite another portion strongly till the CTolution of oxygen 
ceases ; allow to cool, and dissolve out with hot water. To one portion of the 
solution add a few drops of dilute nitric acid, and then argentic nitrate. A 
white curdy precipitate indicates the presence of a chloride, and, indirectly, of a 
chlorate. To the other portion of the solution add potassic iodide and starch 
solution, and then a few drops of acetic acid ; a blue coloration of iodide of 
starch proves the presence of a nitrite, derived from the potassic nitrate. 

If a chloride he present, as well ae a chlorate and nUrate, SOjAgOs must be 
added to the solution, as long as a precipitate comes down. The AgCl is filtered 
off, and the filtrate evaporat^ to dryness, with the addition of a little pure sodio 
carbonate, and the residue strongly ignited. The dry mass is extracted with a 
little boilinff water, filtered, and argentic nitrate added to a portion of the 
acidulated (If OsHo) solution, as long as a precipitate comes down. The 
remaining portion is tested for nitric acid, either by tne iodide of starch reaction, 
or by means of a ferrous salt and sulphuric acid. 

QUESTIONS AND EXEECISES. 

1. State briefly how potassic chlorate is prepared. 

2. Describe the changes which potassic chlorate Undergoes on ignition. 

8. Explain the action — 1st, of concentrated sulphuric acid ; 2nd, of ooncen- 

tnited hydrochloric acid upon potassic chlorate. Give equations. 
4. How can a chlorate be detected m the presence of a chloride F 
6. How can a nitrate and a chloride be recognized in the presence of a 
chlorate ? 

6. How much oxygen, by weight and by volume, can be obtained £rom 100 

grms. of potassic chlorate r 

7. Introduce some strips of metallic copper into a mixture of potassic chlorate, 

arseniouB acid and hydrochloric acid, and explain why no precipitate of 
metallic arsenic is obtained on the copper. 



HYPOCHLOROUS ACID, ClHo.— The salts which this 
acid forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Of im- 
portance are the sodio and calcic hypochlorites, which are obtained 
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along with the corresponding chlorides, by passing chlorine throngh 
a solution of the carbonates or hydrates. An important compound 
closely related to the hypochlorites is the calcic chlorohypochlorite, 
commonly called chloride of lime or hleachmg powder, which appears 
to be formed according to the equation : — 

CaHoj + Cla = Ca(OCl)Cl -h OH,. 

Hypochlorites are gradually decomposed on exposure to air 
(owing probably to the action of the carbonic anhydride contained 
in air). Dilute acids liberate chlorine, and it is on this account 
that hypochlorites are of such great value as disinfedants and 
bleaching agents, 

BEACTIONS IN THE DRT WAT. 

Hypochlorites are converted into chlorates (which give off 
oxygen when ignited), and chlorides, thus : — 



6Ca(0Cl)Cl = 



OCl 
. gCao" + 5CaCla. 

(oci 



EBACTIONS IN THE WET WAY. 

We employ A solution op calcic or sodio hypochlorite, 
ClNao. 

All hypochlorites are solvhle in water. Their aqueous solutions 
bleach vegetable colours. On heating or evaporating dilute solu- 
tions of hypochlorites, they are decomposed into chlorides and 
chlorates, concentrated solutions into chlorides and oxygen. Even 
weak acids decompose them with evolution of chlorine. (Distinc- 
tion between hypochlorites and chlorates.) Hypochlorites yield 
oxygen to readily oxidizable substances, and become converted into 
chlorides; the detection of hypochlorous acid is based upon the 
various processes of oxidation to which its salts can give rise, thus : — 

iOs is oxidized to IkAiO^, 



MnCl, 


» 


BEn02. 


PbO 


}» 


PbO,. 


PbS 


)> 


„ SOaPbo". 


rcoHo 

ICOHo 


» 


„ 2C0a H- OH2. 


Indigo or litmus solutions are 


readily decolorized. 



QUESTIONS AND EXERCISES. 

1. G-ire the graphic formula for bleaching powder, 

2. Gi^e illiutrations of the oxidizing actioii of l^pochlorites. Express the 

changes by equations. 

3. How is calcic hypochlorite prejpared ? 

4. Explain the bleaching action of an aqueous solution of a hypochlorite. 

5. What change takes place — 1st, when a hypochlorite is ignited by itself } 2ndly, 

when a concentrated solution of a hypochlorite is boiled ? 
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6. Explain the deodorizing action of hypochlorites when brought in contact with 

7. How can a hypochlorite be distinguished in the presence of a chloride ? 

8. A sample of bleeufhinff powder contains 26*5 per cent, of chlorine. How much 

▲s^Os by weight will be required to deoxidize 1*285 grm. of the bleach- 
ing powder ? 



HYDROBROMIC ACID, HBr.— Tlie element bromine occurs 
in nature mainly in combination vdtb the fixed alkalies and alkaline 
earthy metals (calcium, magnesium), forming salts, called bromides, 
which resemble the chlorides of the same metals very closely, and 
from which we derive both bromine and hydrobromic acid. 

EEACTIONS IN THE DRY WAT. 

Most bromides remain unaltered when ignited; others are 
volatile without decomposition. AiUBrs and VtBr4 are decomposed 
upon ignition into metal and bromine, which latter Yolatihzes. Many 
bromides are acted upon, when ignited with free access of air, and 
are converted into oxides and free bromine ; others again, such as 
AliBvs, etc., are decomposed, on evaporation of their aqueous solu- 
tions, into oxides and hydrobromic acid. KBr and NaBr are con- 
verted, to a great extent, into KCl and NaCl, on repeated ignition 
vdth amnionic chloride. When fused with hydric potassic sulphate, 
bromides are decomposed into sulphates, with evolution of sul- 
phurous anhydride and bromine. The few insoluble bromides of 
the heavy metals are converted into soluble alkaline bromides by 
fusion with alkaline carbonates. 

Heated before the blowpipe on a bead of microcosmic salt, in which a little 
cupric oxide has been diffVised, bromides impart a blue colour to the flame, 
which passes into green^ especiallj at the edges. This distinction between chlo- 
rides and bromides is, hower^r, not yeiy marked. 

REACTIONS IN THE WET WAT. 

A SOLUTION OP POTASSIC BROMIDE, KBr, may be employed. 

All metallic bromides can be divided into— 

1st. Bromides which a/re insoluble in water, such as AgBr, 

j'aBrj, VbBrt (less soluble in water than VbCla), and — 

2nd. Bromides which are soluble in water, comprising all other 
bromides. 

Certain bromides, e.g., SbBrs, SIBrs, are decomposed by water 
into insoluble oxybromides and hydrobromic acid. They resemble 
in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add a 
solution of an argentic (mercurous or plumbic) salt to the solution, 
when a yellowish white precipitate of argentic bromide, AgBr, is 
formed, which is insoluble in dilute nitric acid, soluble only in con- 
centrated ammonic hydrate, readily soluble in potassic cyanide or 
sodic hyposulphite. By decanting the supernatant liquid, washing 
with a little water, and treating the precipitated argentic bromide 
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with strong hydrochloric acid, reddish brown Aunes of bromine are 
evolved which oolonr starch paste yeUoioUh. (Distikctioh between 
AgBr AND AgCl.) 

Insolnble bromides, anch as AgBr, Bg^Brj, PbBrt, can be 
decomposed by heating in a test-tnbe with alkaline carbonates (&ee 
from chlorides). The aqneons extract is tested for hydrobromic 
acid, and the insolnble residue for silver or lead. BgiBr, gives a 
snblimate of metallic mercnry. 

In the absence of any well-marked distingniBhing features in the 
ai^entic bromide precipitate, it is preferable to liberate bromine 
from soluble bromides, and to cause the reddish brown vapour to act 
upon starch paste with formation of yellowish bromide of ataroh. 

Nitrous acid (or a nitrite and dilute hydrochloric acid) does not 
liberate any bromine from solnble bromides. (DlSTIKCriON be- 
tween BROMIDES AND IODIDES.) All bromides are, however, decom- 
posed by chlorine, with evolution of bromine, which remains dissolved 
m the aqueous solution. On shaking with a httle ether, the bromine 
is taken up by the ether, forming a yellowish red Uqnid, which Soate 
on the top of the saline aqneons solution. This etherial liquid may 
be removed by means of a small pipette, and on being treated with 
potassic hydrate is converted, on evaporation, into potassic bromide 

andpotassic bromate, I qk^' tl^TS: — 

3Br. -I- 6KH0 = 5KBr + | J^^ + 30H,. 

Bromine is obtained from natural bromides, such as KBr, 
BCgBrt, CaBri, by reactions analogous to those employed for the 
preparation of chlorine from common salt (page 24?), for instance, 
on distilling with manganic oxide and concentrated sulphuric acid, 



2KBr + BEnO, + 280^0, = Br, -|- SOiKo, + BO,Mno" -|- 20H„ 

or by distilling a bromide with dipotassic dichromate and solpbnric 
acid, thns: — 

6KBr + Cp.0^0, + 7S0,Ho, = SJBr, + SiO,Cr,o« -|- *SO,Ko, 
+ 70H>. 

A mixture of a bromide 
and BKnO, or Cr.O^o, 
is introduced into a tubu- 
lated retort (Fig. 85) with 
CO ncentrated sulphuric acid, 
diluted with its own weight 
of water, and gently heated 
over a gas flame, or in a 
small water-bath. The 
vaponr of bromine passes 
over, and condenses in a 
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flask (which should be kept cold by a stream of water, or, better still, 
in a vessel surrounded with ice), to a reddish brown heavy liquid. 

Concentrated SOaHoa alone evolves HBr, together with bromine 
and SOa, thus : — 

4KBr + 3SO,Ho2 = Br, + 2HBr + 2SO,Koa + 20Ha + S0>. 

Concentrated ZTOsHo evolves bromine, together with nitrous 
fumes, thus : — 

2KBr + 4irOaHo == Br, + 2W03Ko + H2O4 + 20H.. 

In the two last reactions the sulphuric and nitric acids act as 
oxidizing agents, performing in fact the functions of the BIK11O2 and 
CraOftKos in the former reactions. 

It is obyious that the hydrogen may also be remoTed from hydrobromic acid 
(or the metal from a metallic bromide) by other oxidizing agents, such as per- 
manganates and metallic peroxides, in the presence of an acid. 

Bromine is a heavy reddish brown liquid, of disagreeable odour, 
resembling the odour of chlorine. It boils at 63^ C, and volatilizes 
at the ordinary temperature. Bromine vapour bleaches vegetable 
colours, like chlorine gas. It is difficultly soluble in water, some- 
what more soluble in alcohol, and readily soluble in ether to a 
yellowish red liquid. 

Bromine (like chlorine) is an oxidizing agent, i.e., it is eager to 
combine with hydrogen, and is capable of decomposing OHa, SHa, 
ete., under favourable circumstances (e,g,, sunlight), with liberation 
of oxygen, sulphur, eto. We avail ourselves of this tendency to 
prepare hydrobromic acid, which cannot be obtained pure by distil- 
ling a bromide with sulphuric acid. By passing sulphuretted 
hydrogen through bromine suspended in water, a colourless solution 
of hydrobromic acid is obtained, and sulphur separates, thus : — 

Br, -h SHa = 2HBr + S. 

This solution always contains some sulphuric acid, owing to a 
secondary reaction of the bromine upon water, in the presence of 
nascent sulphur : — 

3Bra + 40Ha + S = 6HBr + SOaHoa, 

from which the hydrobromic acid is separated by distillation. 

It will be infen'ed from this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidising 
bodies, such as phosphorus, metallic hypophosphites, sulphites, 
hyposulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkaline bromide with phosphoric acid. 

In order to dUtinguith a bromide in the presence of a chloride, argentic nitrate 
is added gradually to the solution, acidulated with a litUe dilute nitric acid. 
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AfBr is precipitated first, and bj filtering ofi*, as soon as the precipitate appears 
white — an indication that the whole of the bromide has been precipitated, and 
that AgCl begins to fall out — the two acids may be roughly separated. 

It is, however, preferable to employ the reaction described at page 246, viz., 
of distilling a mixture of a dry chloride and bromide with dipotassic dichromate 
and concentrated sulphuric acid, and of obtaining chlorochromic acid and bro- 
mine, the former being decomposed by water into GrOjKos and HCl. The 
bromine remaining unchanged, can bo removed by ether. On adding AmHo 
to the bromine solution a colourless liquid of ammonic bromide and bromate is 
obtained. 

QUESTIONS AND EXEBCIISES. 

1. Describe several methods by which bromine can be obtained from soluble 

bromides. 

2. How would you prepare HBr from a soluble bromide ? 
8. Explain the action of heat upon solid soluble bromides. 

4. Classify all bromides accordmig; to their solubility in water^ 

6. Describe the most characteristic tests for bromine and for HBr. 

6. Explain the action of chlorine, dilute HCl, concentrated SOjHoj, concen- 

trated If 0)Ho, and POHos upon potassic bromide. 

7. How is HBr distinguished from HCl ? 

8. What takes place when bromine, phosphorus, and water are brought 

together ? • 

9. Explain the action of SHj, SONaoj, and SSONaog upon bromine suspended 

m water. 
10. 'Give the atomic and volume weights of bromine and of hydrobromic acid. 
11. 1*56 grm. of argentic bromide are heated in a current of chlorine ; what will 

be the weight of the silver salt left ? 



BROMIC ACID, < Q-Q^ . — Obtained in combination with po- 

tassinm by adding bromine to a moderately concentrated solution of 

potassic hydrate. Potassic bromate, < f%Tr^ crystallises out from 

the slightly yellowisb colonred Kquid, and is purified from potassic 
bromide by washing with water and recrystaUisation. The reaction 
takes place according to the equation : — 

3Bra 4- 6KHo = SKBr + [ J^^ + 30H,. 

The free acid is obtained by decomposing baric bromate with 
dilute sulphuric acid. 

BEACTIONS IN THE DRY WAT. 

All bromates are decomposed by heat. Some, e.g,, the alkaline 
bromates, fuse and evolve oxygen, leaving a bromide ; others, such 
as zincic and magnesic bromates, leave an oxide and give off oxygen 
and bromine ; others, again, leave an oxide and a bromide, e.g., 
plumbic and cupric bromates. When mixed witb readily oxidizable 
substances, such as carbon, sulphur, etc., bromates deflagrate. 
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REACTIONS IN THE WET WAT. 

We employ a solution op potassic beomatb, < 2t^'. 

All hromates are aoluhle in water. Argentic and mercnrons 
bromates are difficultly solnble. 

Dilute S02Ho3, NOjHo, or POH03 liberates bromic acid jfrom 
its salts, which, however, eichibits great instability and breaks up into 
bromine, oxygen, and water. 

Bromates are readily broken up by deoxidizing substances, such 
as SO2, P2O3, SH2, with formation of SO2H02, POHoj, sulphur 
and water, and liberation of bromine. A mixture of potassic bro- 
mide and bromate, when acted upon by dilute acids (HCl, SOaHo2), 
is jdeoomposed into bromine and water, thus : — 

6KBr -f I Jl^ + 6HC1 = SBr, -f 30H, -f 6KC1. 

The weak affinity of bromine for oxjgen is, moieoTer, rendered apparent on 

boiling bromine with such powerful oxidizing agents as If OjHo, A S^ , 

8Kl&s06Ko2, which are without action upon it. 

A bromate in the presence of a chlorate is readily distinguished by precipitation 

with M OjAgo ; the white arffentle bromate, \ OA * ^^^^ ^^ bromine on 

being treated with HGl. The residue which bromates and chlorates leaTe on 
ignition may also be tested by any of the methods described under hydrochloric 
and hydrobromic acids. 

QUESTIONS AND EXERCISES. 

1. State how potassic and baric bromates are prepared. 

2. Describe the changes which metallio bromates undergo when submitted to 

heat. 
8. Explain the action of dilute acids upon potassic bromate. 

4. What is the action of SH,, SO3, or P3O3 upon potassic bromate ? 

5. How can a bromate be distinguished in the presence of a bromide ? 

6. How can a bromate be distinguished from a chlorate or nitrate ? 

7. How is free bromic acid obtained ? 

8. How much potassic bromate should there be obtained from 50 grms. of 

bromine r 



HTDBIODIC ACID, HI.— Occurs in nature in the form of 
soluble iodides (KI, NaT, MgL, Cal2), in sea water, in the ashes 
of marine plants, in some mineral springs, from which bodies iodine is 
obtained, bj processes similar to those employed for the extraction 
of bromine from bromides. 

BEACTIONS IN THE DRY WAT. 

Most iodides undergo decomposition when heated by themselves, 
either with or without exclusion of air. Auls and 3Ptl4 give off 
iodine, and leave the metals ; others are partially decomposed, 
giving off iodine, and leaving an oxide of the metal. The alkaline 
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iodides, however, can be heated to fusion, without undergoing any 
decomposition. Ignition with AmCl converts iodides only partially 
into chlorides. On fusing cupric oxide in a bead of microcosmic 
salt, and introducing a little potassio iodide into the bead and heat- 
ing in the inner blowpipe flame, the outer flame becomes of a fine 
emerald green colour, 

REACTIONS IK THE WET WAT. 

We employ a solution of potassio iodide, KI. 
All metallic iodides may be divided into — 

1st. Iodides insoluble in wcUer^ such as Agl, Bf^It, B^^z, 
Vbia, COsIa, and — 

2nd. Iodides soluble in waieTy comprising all others. The iodides 
of the heavy metals are less soluble than the correspond- 
ing bromides or chlorides. 

Soluble iodides may be examined in two ways — 

1st. By precipitation or conversion of the soluble into insoluble 
iodides. 

IfOtAgo gives a yellowish white precipitate of arcentle l«<Mc, 
Agl, insoluble in dilute nitric acid, almost entirely insoluble in am- 
monic hydrate (distinction BET¥rE£N HI and HGl, or HBr) ; soluble 
in potassio cyanide. 

IfaOiHgso" gives a yellowish green precipitate of wntrearwaM 
lotfide, Bgala, insoluble in dilute nitric acid, soluble in potassic 
iodide. 

BgClj gives a beautiful verrmlion red precipitate of mereoHe 
Iodide, Bgia, soluble, however, in excess either of mercuric chloride 
or of potassic iodide. 

sPbo" gives a bright yellow precipitate of plnmble Iodide, 



01 potassic 



IPbIz, soluble, like the chloride, in hot water, from which it crystal- 
lises out, on cooling, in beautiful shining yellow scales ; soluble in 
dilute nitric acid. 

SOaCuso" (eaproQs sulplimte), obtained by treating SOaCuo" with 
SOH02, produce sa dirty white precipitate of eaprons Iodide, CUtls, 
which is of interest, because chlorides and bromides cannot be pre- 
cipitated in like manner^ and because it serves frequently for 
removing iodides from dilute solutions containing chlorides and 
bromides. 

2nd. By liberating iodine^ and causing the iodine vapour to act 
upon starch paste. This may be efiected in several 
ways. 

On mixing a dilute solution of potassic iodide with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potaiBsic nitrite, iodine is instantly liberated, and may be detected 
by the yellowish brown tint it imparts to the solution, or better still 
by allowing it to act upon a solution of starch, to which it imparts 
a fine bhie colour, owing to the formation of iodide of starch. This 
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is one of the most delicate tests. The reaction serves equally well 
for the detection of NOHo (comp. pa^ 245), or NO|Ho, after 
reducing to NOHo (see page 242), thus : — 

2KI + 2NOKo + 4HC1 = I, + 4KC1 -f NA -f 20H,. 

A solution containing free iodine may also be shaken up with a 
few drops of carbonic disulphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. 

Nitric acid, containing a lower oxide of nitrogen, acts like a 
nitrite. 

Bromine or chlorine (or what amounts to the same, ClNao and 
HCl, or metallic peroxides, e.g,, BaQs, PbOa, lUKllOs, and HGl), 
liberates iodine from iodides. According to the quantity of iodide 
employed, iodine separates either as a bluish black powder, forming 
a Inrown liquid, or in the form of deep violet fumes, which condense 
to beautiful fern-leaf shaped crystals. 

The methods adopted for the extraction of iodine from metallic 
iodides are all based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidizing agent and sulphuric acid, e.g,: — 

2KI + BKnOi + 2SO3H0, = I, + SO,Mno'' + SO,Ko, + 

2OH2, or 

6KI -f CrjOaKo, + 7SO,Ho, = 3I» + S,OeCr,o^ + 4SO3K0, + 

70H,. 

Concentrated acids, such as SOjHoa, or NOiHo, decompose 
iodides with evolution of SOa and lower oxides of nitrogen, thus :— * 

2KI + 2S0 J[oa = I, -f SOaKoa + SO3 + 20H,. 
2KI + 4NOJ[o = I, + 2NO,Ko -f N^O* -f. 20H». 

On fusing an iodide with SO3H0K0, iodine is likewise liberated,, 
thus : — 

2KI + 4S0|HoKo = 88O1K0, + SO, + !> + 20H>. 

On examining for traeei of iodine by acting upon an iodide with oUorine or 
biomine excess of the latter elements must be carefully ayoided, as the iodine 
forms with the chlorine or bromine colourless chloride or bromide of iodine, 
and destroys the blue colour of iodide of starch, or the violet colour of the car- 
bonic disulphide solution. The blue colour of iodide of starch is also destroyed 
by Tarious reducing agents, such as SOs, SH,, AS|0,, SnClj, and Bi^sCls, or 
by any organic reducing body. Alkalies destroy the colour, dilute acids (even 
acetic acid) restore it again. On heating iodide of starch the colour disappears, 
but reappears on cooling. 

The destruction of the blue colour of iodide of starch by rarious reduomi 
affents is due to the decomposition of water by the iodine, with formation of H^ 
the oxygen being transferred to the reducing agent, thus :— 

S 



258 IODIC ACID. 

SOHos (a dilate solution) + Ij + OH, - BO1H09 + SHI. 

SHi -I- Is » 2HI + S. 

AsHo, + I9 + OHs » 2HI + A»OH<H. 

Hydriodhc add is prepared by acting npon iodine suspended in 
water (or dissolved in hjdriodic acid), with a cnrrent of SHs* 
8nlphnr separates and is removed by filtration, and the solution of 
hydriodic acid concentrated by distillation. Its aqneons solntion 
absorbs oxygen from the air, water being formed and iodine 
liberated, which dissolves in the nndecompos^ hydriodic acid, and 
imparts a brown colour to the liquid. 

Insoluble iodides have to be fused with alkaline carbonates. 
The aqueous extract is examined for iodine, and the residue for the 
metal. 

QUESTIONS AND EXERCISES. 

1. How would you extract iodine from SK|^Is P Gire Bevenl methods, and 

ezpresB the changes by equations. 

2. Explain the action of beat upon solid iodides. 

8. Classify all iodides according to their solubility in water. 

4. Explain how you would distinguish HGl, HBr, and HI, when oooorring in 

one and the same substance. 
6. Exp lain the action of iodine yapour upon starch. 

6. Why is it preferable to Uberate iodine by means of If sOg instead of by 

bromine or chlorine ? 

7. How would you prepare a solution of hydriodic acid ? 

8. How much iodine can be obtained from 100 lbs. of Nal P 

9. Giye graphic formuls for cuprous and mercurous iodides. 

10. Explfun how you would £stinguish free iodine in the presence of an 

iodide. 

11. What action takes place when a dilute solution of SOs acts upon iodine, and 

how can iodine be made the measure for SOs and woe vertd 1 

12. 10 litres of a mineral water yield '184 grm. of Agl s how much iodine is 

there in 100,000 parts of the water P 



IODIC AOID, I Q^^.— Potaasic iodate is obtained, like the 

corresponding chlorate and bromate, by dissolving iodine in potassic 
hydrate. The iodate crystallises out first, being much less soluble 
than KI. The fr'ee acid can be prepared by decomposing baric 
iodate with sulphuric add, thus :-^ 

fOI 

I J Bao" + SO,Ho, = 2 1 J^^ + SCBao". 

101 

Iodic acid is also obtained by the action of strong boiling nitric 
acid upon iodine, or by passing chlorine through iodine suspended 
in water. 
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BEACTIOKS IN THE DBT WAT. 

All iodates are decomposed upon ignition, some breaking np 
into an iodide, with evolution of oxygen ; others into metallic oxides, 
iodine and oxygen being expelled. When heated with charcoal 
they explode less violently th^ chlorates or broipates. 

REACTIONS IN THE WET WAT. 

We employ a solution op potassic iodate, < 5^ . 

Alhdlme iodates alone a/re soluble in wcUer. 

BaCla gives a white precipitate of barle IMmte, soluble in nitric 
acid. 

NOsAgo produces a white crystalline precipitate of arventle 
lo^Uite, sparingly soluble in nitric acid, readily soluble in amnionic 
hydrate (distinction fboh HI). On the addition of a reducing 
agent, e.g,f SOHoj, to the clear ammoniacal solution of argentic 
iodate, a precipitate of Agl is obtained, thus : — 

{oA«o + 3S0HO, = Agl + 8S0,Ho,. 

Potassic iodate is decomposed by SHs, with formation of potassic 
iodide and sulphuric acid, and precipitation of sulphur ; by SOHof, 
with separation of iodine, which (by the decomposition of water) is 
converted into hydriodic acid. 

A mixture of an iodate and iodide is decomposed by weak acids 
(6.^., acetic acid), with liberation of iodine. Traces of an iodate in 
potassic iodide can, therefore, be detected by- means of the delicate 
iodide of starch reaction. 

lodateB which giye off iodine when they come in contact with yftrious re- 
dadnff agents, 0.^., 0Oai SSONaos, SnClj differ, howeyer, in a marked manner 
from hromatoB by remaining miacted upon by oonoentiuted Bulphuric add, 
nnleia tbe action be aasiited by deoridiimg agents, such as ferrous salts, etc. 
Instead of acquiring a less stable character by the interposition of the atoms of 
oxygen between the iodine and potassium, potassic iodate, and still more so 
penodaie (obtained by passing chlorine through an alkaline solution of potassic 
iodate), are capable of resistmg the action of sulphuric acid far more readily 
than potassic iodide. Periodatee are, in &ct, not reduced by the ordinoiy 
reducing agents by which iodic acid is reduced, except by SHj. 

QUSSTIONS AlH) EXBBOISES. 

1. How axe potassic iodate and periodate obtained P Giye equations. 

2. Explain the changes which iodates and periodates undergo upon ignition. 
8. How can iodides, iodates, and periodates be distinguished from each other P 
4. Explain the change whidi takes place when potassic iodate is acted upon«— 

Ist, by reducing agents, e.^., oOs> SHs, FeOl^ ; 2ndly, by concentrated 
sulphuric acid. 

6. Apredpitate contains Agl and^j qa^^* State how you would separate the 

two salts from each other. 

6. Explain the action of HI upon a mixture of KI and <| qv' 

s 2 
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HYDBOFLUOBIG ACID, HF. — Occnrs in nature in combi- 
nation chiefly with calcinm in the mineral called Jluorspar {Derby- 
shire spar), CaFa; also as double fluoride of aluminium and 
sodium in cryolitey 6NaF, AlsFs. It is, 'moreover, met with in 
certain naJtural phosphates^ e.g., coprolitey wavellite, and in a few 
silicates, e.g,, topaz, mica, hornblende, 

REACTIONS IN THE DRY WAT. 

Heated out of contact with the air, most fluorides remain un- 
changed. Volatile fluorides can be distilled ; but when heated in a 
moist atmosphere, or if water be added, they are decomposed into 
oxides (oxyfluorides) and hydrofluoric acid. The changes which 
fluorides undergo in the dry way are of two kinds — 

1st. The fluoride gives off hyd/rofluoric add gas, which corrodes 
glass. — By heating a fluoride containing water in a piece of com- 
bustion tubing, open at both ends, before the blowpipe, the glass 
around the fluoride is attacked. The experiment may be carried out 
also by mixing a little microcosmic salt with the fluoride, and hold- 
ing the tube in a slightly slanting position. 

By heating a mixture of a fluoride with SO3H0K0 in a test-tube, 
HF is disengaged, thus : — 

CaFs + 2SO2H0K0 = SOaCao" + SOsKoa + 2HF. 

The gas corrodes the upper part of the tube on account of its 
action upon the SiOa of the glass, with which it forms a gaseous 
compound, silicic fluoride, SiFi, thus : — 

4HF -h SIO, = SIF4 -f 20Ha. 

2nd. The fluoride is decomposed by SOaHoKo, in the presence of 
a borate, with formation of volatile boric fluoride, BFs. — By heating 
a mixture* of powdered SOaHoKo and fused borax with the finely 
powdered fluoride, on the loop of a platinum wire, in a clear flame of 
a Bunsen gas lamp, boric fluoride is disengaged, imparting a 
beautiful yellovnsh green colour to the flame, which is highly 
characteristic, although very evanescent. 

REACTIONS IN THE WET WAT. 

We employ A solution of bodic fluoride, NaF. 

Most metallic fluorides are solid; others, again, such as the 
fluorides of the metals whose higher oxides possess acid properties, 
form volatile, fuming, highly corrosive liquids, or are gaseous at 
the ordinary temperature. 

Fluorides are either soluble in water and more or less crys- 
talline, such as KF, NaF, AmF, AgF, SnF„ PeaFe, HgF„ 

• 10 eq. of SO2K0K0 (- 10 X 136). 
3eq. ofCaFj (« 3 x 78). 

leq. ofBiO^Naos 202. 
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or intolvble m» water and amorphous when obtained by precipitation, 
e.g., CaF„ BaF„ PbFh KnFi. 

The reactions which a Boinble flnoride ^ves by double deeotn- 
poiilion with Bolntiona of saltA, whose metals form insolnble 
floorides, are not very characteristic. 

BaCl, prodnces a bulky while precipitate of baric mMrMe, 
SaFi, solable in hydrochloric acid and in mnch ammonic chloride. 

CaCI] (or CaHoi) gives a gelatinous Iranslueent precipitate of 
calele flnarlde, CoFi, which becomes visible by the addition of 
ammonic hydrate. CaFj is slightly solnble in cold hydrochloric or 
nitric acid, difficultly Bolnble in boiling hydrochloric acid, less 
Bolnble in acetic acid, insoluble in free hydronnoric acid, solnble to 
some extent in ammonic chloride. 

nrOiAgo prodaces no precipitate. (Dibtdiction betwsen HF 
AKD HCl.) 

It is preferable to t«st for KF by the reactions based npon the 
formation of gaseons SiFi or BF,. 

All fluorides (solnble or insolnble) are decomposed on heating 
with concentrated sulphuric acid, with disengagement of HF, a 
metallic sulphate being left, thus: — 

CaF, + SO,Ho, = 2HF + SO,Cao". 



ir the Dondensstioil of the 

Hydrofluoric acid gas is highly 
rosive, and should not be inhaled. If 
it comes in contact with silica {e.g., in 
glass), SIF, is formed. The glass be- 
comes corroded or etched. 

Ita action upon gta» nm; be Bhown tito 
by coreriDg & pUtinum crucible, coDtain- 
inaslittle finelj powdered fluoride luid con- 
oeDlrated Bulphuric Bcid, nitb » piece of glau, 

B.g., a vatch-glau. The TBpour of the eToIved hjdroSuoric acid oorrodei the 
glaaa. The action of [he hjdrofluoric acid becomes apparent, when the glass is 
ooTered with a thin layer of melted wai, and eome design scratched on the waied 
side with a pointed iostnunent. The gaa acts upon the onprotectad porticm of 
the gliH. To prerent tbe tnellins of the wai, a little cold water is kept on the 
watch-glaas. The design will be fouDd etched more or leei deeplj into the gUei, 
after the remoral of the wax. Here traoes of a fluoride are thus detected, and aa 
no other substance attacks glass similarlj, the reaction ie perfectly characteriatio 
for hydrofluoric acid. 

If tbe Snoride contain mnch silica, snlphnric acid disengages 
silicic fluoride inBt«ad of hydrofluoric acid, which does not ^tack 
glass; but when passed into water — best by letting tbe deliveiy 
tube dip into a little mercury — it is decomposed into hydroflno- 
silicic add and into SlHoi, tlins : — 

SfllF^ + 4.0n* = «Ho4 + 2(2HF, SIF.). 
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This reaotdon is empl<yed for detectmg flnorine in nilicatee, or if 
applied to fluorides which are free from ailica, aome finely powdered 
qnarte or glass is first mixed with the finoride, before treatong with 
snlphnric aoid, and passing the silicio finoride into ■water. 

The eipBrimeot maj be perfbrraed in s glaei flask or small stone ware bottis 
(Kg. m, prorided mlh ft wide dtUverj-tubB, which dip« under mePGnry oon- 
tsined in B small porceUin onp 
at the bottom of a beaker or 
gla« cylinder. Cam iliould' be 
taken that the imide of the de- 
Uver; tube remauu perfectlj 
dry, when the receiving Tesael 
it fUled with water. A mixture 
of one put by weight of finely 
powdered floonjnr, and one by 
weight of fine sand is introduoed 
into the glaw or stone ware 
tcbmI. Seven to eight parti by 
weigbtof oilofTitriol are added, 
aod the whole sheken up to- 
gether and gently heated upon a 
■and- (or water-) b&th. Sach 
bubble of the eTolved SfFt, on 
pauing through the water, is 
decomposed, with separation of 
gelatinous silica, which alter a 
time fills tbe whole glass vessel 
*^- *^- in the form of a dense jeHy. 

The silica is separated bj strain- 
h>g through a cloth from the hydroBuosilicic acid, which may be returned to the 
glass cylinder, and a fresh qnuitit)' of SIF4 passed through, till tbe iwid mIu- 
tion has become sufficiently eoncentntted. 

Silicates which are not decomposed by sulpburic acid, are fuMd witb fonr 
Mrts of fiuian mixture. The fused mase is eitnicted with water and filtered. 
The filtrate contains the fluorine in tbe form of alkaline fluoride* together with 
alkaline lUiiste*. On slightly acidulating with dilute hydrochloric acid to decont- 

Bse the excess of alkaline cnrbonaCes, ana then digesting with ammonic hydrate, 
tHoi is precipitated, which can be filtered off, leaviuK the alkaline fluoride. 
On adding ObHo: or OaClj, and digesting at a gentle beat, a gelatinous preci- 
pitate of OaFj is obtiuned, which is filtered off', dried, and eiamined. If plus- 
phorio acid be present, the precipitate contains PjOg Cao"t, as well as vAFj, 
which does not, however, interfere with the disengagement of hydrofluoric 

IntoluMe fluorides, e.g., OaFj, are not completely decomposed by fusion with 
alkaline carbonates, aniesa SlOi be present. 

qUESTIONS AND EXBBCISES. 

1. Which are tbe most important natural compounds of fluorine P 

2. What changes do solid fluorides undergo when heated by themselves ; 2ndly, 

when mixed with raicrocosmio salt or hydric potaseie sulphate P 

3. How is BF, formed, and why does it furnish us with a characteristic reac- 

tion for fluorine or rice twrrf for boron ? 

4. Classier fiuorides according to their solubility in water. 

6. Deecribe some characl^i'istic rcnrtions for Boorine in the wet way. 

6. How would jou diBtiuguish gascoi's HCT from HF P 

7. How is hydrofluoric acid gas prepnred? Eiplain ils action upon glass. 

8. How would ymi lest for smatlquaatitieaorafluorideP 
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9. ExpUdn the action of oonoentrated ralphnrio aoid upon a fltuMride contain- 
ing much SiOj. 

10. How iB fluorine detected in Bilicates decomposable by SOsHoj, containing 

traces of a fluoride ? 

11. How can fluorine be detected in a mineral contaimng a silicate which is not 

decomposed hj sulphuric acid, some phosphate, and traces of a fluoride ? 

12. How would jou prepare EF, AmF, 2HF, BIF4, gaMous, S1F4» and %uid 

HFP 



HYDROFLUOBILIOIO ACID, 2HF,SiF4.— Obtained by 
passing SIFi into water and separating the precipitated silica by 
filtration. 

It forms salts called siliooflnorides, or flnosilicates, on acting 
upon metallic oxides, hydrates, or metals, sncb as Fe or Zn (these 
latter with erolntion of hydrogen), of which the potassic and baric 
silicoflnorides are the most interesting. 

EEACTIONS IN THE DRY WAT. 

Silicoflnorides are decomposed by heat into flnorides, with dis- 
eng^agement of SIF^. 

REACTIONS IN THE WET WAT. 

A CONCENTRATED SOLUTION OF THE ACID may be employed. 

On evaporating a solution of 2HF,8iF4 m a p latin nm vessel, it 
volatilizes, and is decomposed into SiFi and 2HF. The acid 
onght not, therefore, to be heated in a glass vessel. 

A few sUicofluorides, e.g., 2E:F,SiF4, 2NaF, SiF«, BaF,, SiFiy 
a/re difficultly soluble in waJter, and are rendered quite insohMe by the 
addition of alookoL Most other metallic silicoflnorides are readily 
soluble in water. 

BaCls precipitates translucent crystalline barle sUleMiMrUte, 
BaF|,8iF4, which falls ont very readily. The precipitation is com- 
plete on the addition of an equal volume of alcohol. Strontium is 
not precipitated from concentrated solutions. (Distinction between 

BARIUM AND STRONTIUM.) 

KCl giv^s a translucent gelaiinotis precipitate of dlpotasale allleo* 
flmH«e, 2£:F,S1F4. 

AmHo separates SiHo4 and forms AmF. 

On heating a metallic silicofluoride with concentrated sulphuric 
acid in a platmum crucible, covered with a watch-glass, the glass 
becomes corroded or etched. 



QUESTIONS AND EXERCISES. 

1. How u 2HF,SiF4 prapared ? 

2. State how 2HF,0IF4 acto upon KHo, OH^ Fe, OuO. 

8. What deoomposition takes place when silicofluorides are heated — let, by 

themselTes $ 2ndlT, with oonoentrated SOsHosP 
4. How it BaFs, SIF4 obtained P 
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6. How can strontium and calcium be separated from barium by means of 

2HF,S1F4 P 
6. What proportions bj weight of OaFs, SlOg, and SO3H03, are required 
for the preparation of 2KF,8tF4 P 



PHOSPHORIC ACID, POH03.— This acid is never met 
with in the free state in nature, bnt invariably in combination with 
bases, such as CaO, MgO, AlsOs, FeO, FeiO,, PbO, as bone- 
ash, somhrerUey coproliteSf apatUe, wagneritey wavellUe, vivianite, pyro- 
morphUe, etc. 

Its most characteristic properties have already been described 
(Chap. XVI). 

REACTIONS IN THE DET WAT. 

Normal phosphates of fixed bases are not decomposed upon 
ignition. Mono- and di-hydric normal phosphates lose water, and 
are converted into pyro- and metaphosphates, thus : — 

(1) 2POHoNao, = P,0,Nao4 + OH,. 

Sodic 
pyrophosphate. 

(2) POHosNao = POjNao + OH,. 

Sodio 
metaphosphate. 

Fusion with caustic or carbonated alkalies converts pyro- and 
metaphosphates into normal or orthophosphates. BoiHng with 
concentrated acids (!Nr02Ho) efifects this conversion likewise. 

Alkaline earthy phosphates are only partially decomposed by 
fusion with alkaline carbonates ; most others, e.g., magnesic, ferric, 
zindc, nickelons, manganous, cupric, phosphates are completely de- 
composed. The solution contains trisodic and tripotassic phosphates. 
lP,0,Al,o^ can only be decomposed by ^ion with silicic anhydride 
or sodic silicate (water-glass) and fusion mixture,* being converted 
into sodic aluminic silicate and trisodic phosphate. 

REACTIONS IN THE WET WAY. 

We emplov a solution op htdbic disodic phosphate, POHoNao,. 
All phospnates may be divided into — 
1st. Fhosphates which are soluble in water , comprising the 

alkaline phosphates only ; and 
2nd. Phosphates which a/re insoluble in water, but solnhle in 
mineral avoids (some also in acetic acid), comprising all 
other metallic phosphates. 
The following are some of the more important reactions by 
donble decomposition : — 

BaCl, yields a white precipitate of bydHc barie pbosphate, 
IPOHoBao' , difficultly soluble in ammonic chloride, soluble in nitric 
or hydrochloric acid. 

* One part of SiOs« together with six parts of fusion mixture. 



({ 
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CaCli, or S02Cao" produces a white precipitate of liyilrte calcic 
pbosphatc, IPOHoGao", readily soluble in mineral acids,* soluble in 
acetic acid, after being freshly precipitated, difficultly soluble in 
amnionic chloride. 

SOfMgo" (or MgClf) in the presence of AmCl and AmHo pro- 
duces a white crystalline precipitate of ammonlc mavnetle plioipluitc, 
IPOAmoMgo" + 6 aq., insoluble in ammonic hydrate, readily 
soluble in adds, even acetic acid. A dilute solution of sodic phos- 
phate is only precipitated after some time. The precipitation is 
promoted by stirring and allowing the liquid to stiuid in a warm 
place, when the precipitate is seen to adhere in the form of white 
streaks, more especially to those parts of the glass vessel which have 
been touched by the glass rod. 

This is the most important reaction for IPOH03, which is almost 
invariably resorted to, both for the recognition of lUKgO and 
POHo,. 

nrO^Ago gives a yellow precipitate of trlarvcntlc pluMpliatc, 
IPOAgOs, soluble in ammonic hydrate and in nitric acid. 

^q' \Pbo", plmnble acetate, produces a white precipitate of 

plumbic pbospbatc, PtOtPbo"s, readily soluble in nitric acid, almost 
insoluble in acetic acid, as weU as ammonic hydrate. If the pre- 
cipitate is fused before the blowpipe on charcoal, the bead appears 
crystalline on cooling ; no reduction to the metallic state takes place. 

FeaCle gives a yellottnsh white gekdinous precipitate of ferric 
pbospbatc, JPsOfFcsO^, soluble in hydrochloric acid. The ferric salt 
should be added drop by drop, sufficient to just impart a red tinge 
to the supernatant solution, since the precipitate is soluble in 
excess of ferric chloride. Sodic acetate must be added to remove 
the two molecules of free hydrochloric acid which would otherwise 
dissolve some of the precipitate. 

When phosphoric acid has to be remoyed from a phosphate dissolyed in 
hydrochloric acid, e.g., from the alkaline earthy phosphate, l^sOsCao^s, the free 
acid is nearly neutndized with ammonic hydrate or ammonic carbonate, and 
then sodic acetate added, which, by double decomposition with the free hydro- 
chloric acid, forms sodic chloride and free acetic acid, in which the precipitate, 
produced by a slight excess of ferric chloride, is absolutely insoluble. The 
mixture is heated to boiling, a reddish brown precipitate is obtained, which 
contains the whole of the phosphoric acid. It must be filtered hot, and washed 
with hot water, the filtrate contains the alkaline earthy bases as chlorides. 

AjbOHos exhibits with ferric chloride a similar reaction, and 
has, therefore, to be separated from a HCl solution, by boiling with 
SO Amo2 and precipitation by a current of SHs gas. 

Small tra^^s of phosphorus (phosphoric acid), usually found in 
iron ores, in pig iron, steel, sheet copper, etc., are be^t precipitated 
after dissolving the ore or metal in hydrochloric and nitric acids, 

• PjOjCao", + 4irO,Ho - p80,Ho4Cao" + 2 5o^»o"- 

Soluble tetrahydric 
calcic diphosphate, rpprecipitated by AmHo. 
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whereby the phosphoros is oonverted into VOHos, hy adding a 
Bolntion of ammonic moljbdate and free nitric acid ; the silicio aoiiii 
should be separated by evaporation to dryness, and arsenic acid, if 
present by snlphnretted hydrogen. On digesting the sohition at a 
gentle heat (60° G.) for some time (honrs if necessary), and stirring 
wiiJi a glass rod, a hrighi yellow precipitate of waaummmio »h«qMM» 
WBtaiiwh4mtt is obtained. 

The constitution of this precipitate is not well understood ; we 
know merely that it contains molybdic add, ammonia and phos* 
phoiic acid* (about 3 per cent). On dissolving the yellow precipi- 
tate in ammonic hydrate, filtering, and adding S02Mgo", AmCl, 
and AmHo, the phosphoric acid is obtained as IPOAmoMgo". 

White of egg (albumen) Ib not ooaffulated hy tribasic phosphoric add, nor by 
a lolation of an orthophosphate acidnlat^ed with aoetic acicL 



F7ROPHOSPHOBIC ACID, P,0,Ho4.— Fyrophosphates 
are obtained by heating monohydric phosphates. They are of little 
importance, however, since they are not usually met with in natural 
compounds, and as they are speedily conveited, by the action of 
acids or alkalies, into tribasic phosphates. 

REACTIONS IN THE WET WAY. 

We employ a solution of sodic ftbophosphate, PsOsNao«. 

Alkalme pyrophogphcUes are solvhle in water. 

All others are insohible m water, hut solvhle in diltUe acids. 

The presence of a soluble pyrophosphate is indicated on adding 

If OtAgo, which gives a white precipitate of arcentle pyrppluMpkate, 

IPaOsAgOi, soluble in nitric acid and ammonic hydrate. 

Albumen is not coagulated by the free acid, nor by an acetic 

solution of a pyrophosphate. 

BKoaAmoa does not give a precipitate, until by the action of 

mineral acids the pyrophosphate has been converted into tribasic 

phosphate. 



HETAPHOSPHORIO ACID, PO,Ho, is distinguished 
from the tetra- and tribasic acid as follows : — 

Alhwmen gives an abundant white precipitate with the free acid, 
and with soluble metaphosphates, on the addition of acetic acid. 

SOaMgo", AmCl and AmHo fail to precipitate soluble meta- 
phosphates. 

In the ordinary course of analysis both pyro- and metaphosphates 
are converted ujjbo tribasic phosphates, and their tetrabasic and 
monobasic nature is lost signt of. They can, therefore, only be 
detected by special experiments. 

• MojOj, 90-7 PC ; P,0,, 81 PC J OAm,, 36 P.C, and OHj, 26 P.C. 



PHOSPHOROUS AND HYPOPHOSPHOROUS AOH). 267 

PH08FH«K«V8 ACID, POHHo^ (dibasic). ^The fonnation of phoe- 
phoroua aahjdride hj the action of dry air upon phosplioras has already been 
mentioned. Bj combining with water it forms a Teiy weaA^ acid, and with 
hydrated alkalies alkaline phosphites. 

BB^OnOire TS TEX DBT WAT. 

Heated by themselrea on plafcumm foil, photphiieg are dacomposed, burning 
with a bright flame. Heated in a retort they evolre hydrogen, mixed towards 
the end of the decomposition with PHs, and are oonyerted into phosphates. 



lOAcnom nr «■■ wxr way. 

A BOLvnov OT 80DIO PH06PHITS, POHNao^ may be employed. 

AUcaUme pkotpkUes are soluble in water. 

All other pkoepMtee are, for the most part, diffieuUlif eoUMe or imeoMle •» 
wtiier, but loluble in acetic acid (POHPbo'' excepted). Phosphites (as well as 
hypophosphites) are of interest mainly on account of the powerful rednoii^ 
action which they exert upon salts of various metallic oxides, capable of forming 
lower oxides, or of beins nduced to the metallic state, as well as upon the lower 
oxides, etc., of metalloids, e.^., SOj. 

If OsAgo is reduced thereby to metallic silyer, especially in the presence of 
ammonia and on the am>lication of a gentle heat. 

SjrCls and If s04Hgso'' are redu<^ to Sg^jCls and metallic mercunr. 

SO) forms a phosphate with liberation of sulfur and eyolution of oHs, 

Nascent hydrogen yields a mixture of H and PHj which fumes in the air and 
bums with an emerald green colour. When passed into a solution of argentic 
nitrate, the gaseous mixture precipitates PAgs and metallic silver. 

The ins<3uble phosphites of Ba, Ca, Pb, etc., are obtained by double decom- 
position, the latter salt being insoluble in acetic acid. 



HTPOPH08PHOKOV8 ACID, POH,Ho (monobasic).— Obtained by 
the action of alkalies or hydrates of the alkaline earthy bases upon phosphorus 
and water. 

P4 + 8OH1 + 8KH0 » SPOHsKo + PHft. 

BBAOnONS IN THE DBT WAT. 

Hypophosphites are decomposed upon ignition into pyrophosphates and 
4POH,Ko » P,OsKo4 -I- 2PH, + OH^ 

SBACTIOKB IN THE WBT WAT. 

A 80L17T10N OT F0TAB8I0 HTP0PH06PHITE may be employed. 
All k^pophotphitee are eoluble in water. They constitute even more powerful 
reducing agents than the phosphites. 

Nitric acid or chlorine water changes them into phosphates. 

SOfHo] is reduced to SOHos, partly even to sulphur. 

SOjCuo^' is reduced to metallic copper. 

S|r^9 is reduced to Sg^spls, and then to meroniy. 

AuClg and If O^Ago yield the pure metals. 

Zn + SO3H0S (nascent hydrogen) yield H and PHj. 

In the ordinary course of analysis, both phosphorous and hypo- 
phosphorous acids are converted into phosphoric acid, and they 
mast therefore be identified by the special reactions just described. 
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QUESTIONS AND EXERCISES. 

1. How does phospboric acid occur in nature P 

2. Explain the action of heat upon POHo^Nao, POAmoMgo^', and 

POHoAmoKao. 

3. How are meta- and pjrophoephates conyerted into tribasic phosphates ? 

4. Ex^in the action of potassic hydrate or carbonate upon PjOsFoaO^S 

Pj02Cao"s, PjOjCuo 3, POHoBao", in the wet and dry way. 

5. How can PsO^Also^^ be decomposed ? 

6. Classify all phosphates, pyrophoaphates, phosphites, and hypophosphites 

according to their solubility in water. 

7. Explain the solvent action of HCl or M OsHo upon the alkaline earthy 

phosphates. 

8. How is phosphoric acid removed from alkaline earthy phosphates ? 

9. State how you would detect traces of phosphoric acid in a soil, or phosphorus 

in metallic copper or cast iron. 

10. What is the approximate composition of ammonic phospho-molybdate? 

11. Which reactions enable us to distinguish between tribasic, tetrabasic and 

monobasic phosphates ? 

12. How would you prove the presence of magnesic, as well as of potassic phoa- I 

phates in wheat flour, in pale ale, and in cheese ? ' 

13. How would you prepare POH2H0 and (POH2)2Cao" ? 

14. How are calcic phosphite and potassic hypophosphit-e acted upon by heat ? < 

15. What are the products of oxidation obtained on burning PH3 in air ? 

16. Explain the deoxidizing action of phosphites and hypophosphites. 

17. How can potassic hypopliosphite be detected in the presence of potassic 

phosphite and phosphate P 

18. How would you prepare gaseous PHs P What is its action upon solutions 

of cupric sulphate and argentic nitrate P 

19. Give symbolic and graphic formulse for gaseous phosphoretted hydrogen, 

calcic hypophosphite, cupric phosphide. 

20. Express by a symbolic equation the change which POHH03 undergoes 

when it is acted upon by SO2H0:, by SO^Cuo", or by AuCls. 

21. How would you convert bone-ash into a soluble calcic phosphate (into 

P202Ho4Cao'' — a constituent of calcic superphosphate) P 

22. 6*4 grms. of cast iron yielded *046 of PsOsMgo^'s ; what is the percentage 

of phosphorus in the iron P 



SILICIC ACID^ SiRoi.Silicic anhydride or silica, SiOa, 
occurs in nature both, in a crystallvne and amorphous condition, 
either in the free or combined state. Qtiartz and rock crystal are 
composed of almost pure crystalline silica. Opal, hyalite, and some 
other minerals consist of amorphous silica, and are probably derived 
from silicic hydrate by a process of slow dehydration. Other 
silicious bodies, such as chalcedony, agate, flint, are principally com- 
posed of amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with OK2, ONa,, 
CaO, MgO, AltOs, FeO, lUKnO, are exceedingly numerous, and 
vary to a very great extent in their constitution and properties. 

EEACTIONS IN THE DRY WAY. 

Both varieties of silica are characterized by their infasibility 
when heated by themselves before the blowpipe, or in a bead of 
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znicrocosmio salt. Pure silica fxises with sodio carbonate to a clear 
glass, which remains transparent on cooling. If a silicate be heated 
in like manner, its base or bases are dissolved by the microcosmic 
salt, while the silica is seen to float about in the liquid bead as a 
silica skeleton. Silicates containing coloured oxides give rise to 
opalescent beads, in which the SiOf can be distinguished only with 
difficulty. 

When silica, or a silicate rich in silica, is heated before the blow- 
pipe with sodic carbonate, the SiOa displaces the COa, and forms a 
clear glass of sodic silicate. The alkaline carbonate should not be 
employed in excess. Calcic and magnesic silicates do not dissolve 
to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate under examination, respecting its fusi- 
bility, state of hydration, etc., the blowpipe reactions fail to supply 
distinguishing tests regarding the chemical composition of tnese 
bodies, since a very large n amber of silicates differ from each other 
merely in the relative proportions of their component metallic 
elements. 

REACTIONS IN THE WET WAT. 

All silicates may be divided into — 

1. Silicates which are soluble in watery including only potassic 
and sodic silicate ; and 

2. Silicatesj insoluble in water, including all others. 

These latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insolubley or 
lastly, insoluble in these acids. 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicic fluoride, or by lusion mixture (or caustic 
baryta) at a high temperature. 

By treating an aqueous solution of sodio silicate, SiNao^, with 
dilute hydrochloric acid, it is decomposed into NaCl and SiHo4. 
The latter remains either dissolved in the acid, or is partially sepa- 
rated as a flaky or gelatinous mass. On evaporating in a porcelain 
dish over a water-bath, the gelatinous mass becomes firmer, and 
can be broken up, by means of a glass rod, into lumps, which 
speedily lose their water, leaving anhydrous silica, especially on 
being ignited on a sand-bath, as long as acid fumes are evolved. 
The dried mass is treated with a little concentrated hydrochloric 
acid and hot water, when NaCl is dissolved out (together with small 
quantities of Al and Fe — impurities in the sodic silicate). The 
impalpable powder of amorphous silica is thrown on a filter and 
washed with hot water, dried and ignited (comp. Exp. 92). 

AmCl and COAmoa precipitate SiHoi from a solution of sodic 
silicate. Salts of most of the heavy metals, as well as of the alka- 
line earthy metals, form by double decomposition with a soluble 
silicate, white or yellowish white silicates, soluble in dilute hydro- 
chloric or nitric add, which, however, possess no characteristic 
properties. It is, therefore, necessary to remove the silica in order to 
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detect bases, by evaporating to dryness with hydrochloric acid. On 
digesting the dry mcu9s with a htUe hydrochloric acid, the metaUic 
(nodes are dissolved, and can be separated by filtration from the 
silicic anhydride. SiOi, Uke V^Os, is detected tohilst testing for 
bases. 

Most sUicaies are insoluble in waier. M&nj of the natural silicates, 
e.g.f zeolites, as well as certain artificial silicates, such as slags firom 
U>st fwm^ces, etc, are decomposed on digesting the finely pow- 
dered silicate with concentrated hydrochloric acid. The gelatinons 
mass is evaporated to dryness on a water-bath, when amorphous 
silica separates. 

SUicaies, snch as kaolin, which are not dissolved by hydrochloric 
add, can frequenUy be decomposed, either partly or wholly, by hot 
concentrated sulphuric add; many natural silicates yield more or 
less sOica, on treatment with hydrochloric acid, which silica may be 
taken to represent the soluble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 

Silica, or siUcaies insoluble in acids, a/re readily aMacked by 
gaseovs hydrofluoric add or CaFt (Fluorspar) and SOsHos, gaseous 
SIFa bemg given off. This method is invariably resorted to when- 
ever alkalies are present in a silicate, as e,g., in felspar, SieOsKosAlsO^. 
A little of the finely powdered silicate is moistened with strong 
ammonia, put into a platinum crucible or small platinum capsule, 
and enosed to the action of gaseous HF. This gas should be gene- 
rated in a leaden or platinum vessel. The platinum crucible is to 
this end placed in a small leaden vessel, which can be closed with 
a lid of the same metal. A layer of fluorspar is put at the bottom 
of this vessel, mixed and covered with concentrated sulphuric acid. 
The platinimi crucible rests on a leaden tripod. The leaden vessel 
after being covered and luted with moist linseed meal, is placed for 
a day or two in a warm place. The crucible is then taken out, and 
its contents cautiously evaporated by applying a gentle heat, as 

shown in Fig. 88, from the upper part of 
<\ the crucible downward, till the whole of 

the amnionic fluoride has been driven off. 
The dry residue is dissolved in hydro- 
chloric acid, and tested for bases. A 
small residue is usually left, which is 
filtered off and treated once more in the 
same manner. 

The same result may be obtained more 
expeditiously by treating the mineral in 
a platinum crucible with liquid hydrO' 
fluoric a^cid, and evaporating cautiously 
in a closet which stands in connection 
with the chimney, and which has a good 
in-draught of air. The residue is dis- 
solved in hydrochloric acid. Any inso- 
Fio. 88. luble residue which may be left is sepa- 
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rated by filtaration and treated again with hjdroflnoric acid. This 
treatment has generally to be repeated several times, before the 
whole of the bases are obtained in a soluble condition. 

Treatment with CaFs and concentrated SOsHoj is objeotionabla, on aoeount 
of the formation of inaoluble 80Ho|Obo'. 

All silicates vMoluhle in water amd adds, no matter whether they 
contain alkali metals or not, may he decomposed by fusion uriih aJJca- 
Une carbonates (fhsion mixture). They are first ground up very 
finely in an agate mortar, then intimately mixed with three to four 
times their weight of ftision mixture and heated in a platinum 
crucible as long as any C0| is given off. This may be done over a 
'ffood Bunsen gas lamp or by means of a Herapath gas blowpipe. 
(A platinimi crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the siliciouB substance in the dry 
way.) The silica is thus obtained in combination with the alkalies 
and dissolves in hot water, and the bases (CaO, BKgO, AlaOs, 
VOsOs, etc., etc.) are left as insoluble oxides or carbonates, and may 
be separated by filtration ; or the whole mass is at once treated 
with dilute hvc&ochloric acid and evaporated to dryness. SilicHc 
anhydride is lefb, and the bases are removed as chlorides by filtration. 
It is obvious that we must examine for the alkali bases in a separate 
portion, by treatment with hydrofluoric acid. 

Pure amorphous silica dissolves completely, when boiled in a 
platinum vessel with an aqueous solution of fixed caustic or car- 
bonated alkalies. 

SlOs 18 separated from TiOj (titanic anhydride) by ftuion with 8O9H0E0 
in a platinum omoible, and subsequent treatment with water ; the 8IO9 remains 
undissolyed. The TIO9 is precipitated from the acidulated aqueoue scdution by 
long-continued boiling. 

QUESTIONS AKD EXERCISES. 

1. Gire instances of crystalline and amorphous silioa. 

2. Describe the reaotione for 810] in the dir way. 

8. Classify silicates accordingto their solubiUty in water and acids. 

4. Exijlain the action of O*, or of GaFj and concentrated 80,Hoi upon 

silicates. 
6. Describe how amorphous silioa is obtained fit>m 81Nao4, from quarts, or from 

felspar. 

6. How would you ascertain the presence of potassium or sodium in a silicate 

soluble in HCl, and in a silicate insoluble in HCl, e.g., in Bohemian glass P 

7. What ie the action of caustic and carbonated alkaliee upon amorphous 

silica P 

8. How is TiOs separated fr^mi 8108 P 

9. How ia silicon detected in pig iron P 



BORIC ACm, BHos (orthoboric add).— Is found in nature, 
both combined and in the free state. Its preparation from borax 
has already been descri bed, a s well as its most characteristic pro- 
perties. (Comp. Chap. XVII., Part I.) 
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REACTIONS IN THE DBT WAT. 

Most borates swell up when heated by themselves, and fiise 
into a transparent glass which dissolves metallic oxides, produc- 
ing varions colonrs. The free acid forms scaly crystals, possess- 
ing a pearly Instre and feeling peculiarly greasy to the tonch. 

When heated to 100^ C. the crystals lose water and become con- 
verted into metaboric acid, BOHo. This acid fuses to a colourless, 
transparent, glassy looking mass, — boric anhydride, BtOj, which 
can be kept in a liquid condition without loss from volatilization. 

A mixture of SOiHoKo and a borate, heated on a platinum 
wire in a blowpipe flame, imparts a green colour to the flame, 
owing to the liberation of boric acid. 

To detect traces of boric acid before the blowpipe, the borate is 
powdered and mixed with SOtHoKo and CaF|.* (Comp. page 260.) 
The mixture is made into a stiff paste with a few drops of water, 
and cautiously introduced on the loop of a platinum wire into the 
inner blowpipe flame, when the outer flame acquires momentarily a 
yellowish green tint, owing to the volatilization of boric fluoride, 
BFs. Phosphates as well as copper salts, when moistened with sul- 
phuric acid and heated in the order flame, give likewise a green tint 
to the flame. 

REACTIONS IN THE WET WAT. 

We employ a solution op borax, BiOsNaos. 

The alkaline borates are soluble in water, all others are difficultly 
soluble, but none are absolutely insoluble. All borates dissolve in acids 
and ammonic chloride. 

The precipitates produced by double decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with plumbic, 
argentic, mercurous, or ferrous salts, etc., are white or yellowish 
white, and are readily soluble in acids and ammonic chloride. 

The free acid dissolves in water and alcohol, and its solutions 
impart to a Bunsen gas flame 2k fine green colour. An iJcoholic solu- 
tion placed in a porcelain dish- bums with the same charactenstic 
flame, and the colour becomes all the more perceptible, when the burn- 
ing alcohol is stirred with a glass rod. It does not show in the pre- 
sence of alkaline hydrates or carbonates, or of any other base. The 
reaction is equally vitiated by the presence of sodic or calcic chlo- 
ride, or even by the presence of small quantities of an alkaline 
tartrate, free tartaric or phosphoric acid; but the green colour 
becomes again perceptible on the addition of a little concentraled 
sulphuric acid. 

A green flame (of a somewhat greenish blue tint, howerer) is obtained also 
by heating many metallic chlorides with alcohol and concentrated sulphuric aoid 

(owing to the formation of ethylic chloride, j chIcP' ^^ ^^ passing hydro- 
chloric acid gas into the flame of burning alcohol. 

* Three to four parts of the flux (consisting of one part of powdered GaFf 
and four and a half to fiye parts of SOsHoKo). 
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Boric acid, when combined with bases, requires first to be 
liberated, by the addition of a little concentrated snlphnric acid, 
before its alcoholic solution can produce the green flame. 

If a borate is not decomposed hy snlphnric acid, it is ^ed with 
potassic hydrate, and the fused mass taken up with alcohol. On 
the addition of concentrated sulphuric acid the burning alcohol shows 
the characteristic green flame. 

An aqueous solution of boric acid cannot be evaporated without 
loss of the acid from volatilization. 

An alcoholic solution of boric acid colours turmeric 'pa/per reddish 
hroum, especiallv on drying the strips of paper in a warm place (a 
water-oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric pa^er 
with hydrochloric acid is blackish brown, and must not be con- 
founded with the colour produced by boric acid. The dried paper 
acquires a blackish tint when dipped into alkalies. 

JECydrofluoric acid (or SOsHoj and GaF^, decomposes all borates, with fixr- 
matioxi of Tolatile boric fluoride, thus : — 

BfOftNaos + 6GaFs + 7SO3H0S = 6SOHosCao" + SOsNaos + 48F8 + OHs» 

and if the gaseous boric fluoride be passed into water, it forms a peculiar acid— 
kjfdrqfUtoboTie add — ^the constitution of which is not well imderstood, thus : — 

48F, + 80H, » 3(BF8,HF) -f BHo». 

Hjdrofluohoric 
acid. 

This acid oombises with bases, forming horofluoridea or fluoboraietf thus ^^ 

BFt,HF + KHo « BFa,KF + OH,. 

QUESTIONS AND EXBBCISES. 

1. How is metahoric acid obtained F 

2. Explain the reactions in the dry way for boric acid or borates^ 
8. Classify horates according to their solubility in water. 

4. Explain the colour test for boric acid. 

6. How are borates, insoluble in water, examined P 

6. Explain the action of HF upon boric acid. 

7. State how jou would prepare argentic borate, plumbic borate, hjdiofluo" 

boric acid, and potassic nuoborate. 

8. Explain the action of boric acid upon turmeric paper. 

9. What is the weight of one litre of BF^ gas ? 



HYDROCYANIC ACID, (Prussic acid) HCy.— This acid con- 
sists of hydrogen and the componnd radical cyanogen, Cy, molecnle 

f 'C"'N' 

1 'C'N'"' ^^ ^orms with metallic oxides salts, called cyanides, ana- 
logons in their chemical constitntion to chlorides, bromides, etc. 
Cyanogen cannot be obtained by the direct combination of carbon 

T 
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and nitrogen, bnt an alkaline cyanide results from the action of 
canstic or carbonated alkalies npon nitrogenous organic bodies, such 
as fibrin, albumen, and gelatin at a high temperature. The best known 
cyanide, viz., potassic cyanide, KCy, unless specially purified, 
oontaina more or less potassic cyanate, CyKo, and potassic car- 
bonate. 

REACTIONS IN THE DRY WAT. 

KCy and NaCy are not decomposed upon ignition in close 
vessels, as may be inferred from their mode of manufacture ; but 
when heated with free access of air, they are conyerted into cyanates. 
The same change takes place, only more speedily, when potassic 
cyanide is heated with an oxidizing agent, such as MnOz, VbO, 
CnO, SnOs, etc., when the metal, or a lower oxide is left. Heated 
in the presence of metallic sulphides, it is converted into potassic 
sulphocyanate, CyKs. Potassic cyanide is on this account a most 
valuable deoxidizing (desulphurizing) agent, and is employed in 
blowpipe reactions, whenever a metsJlic oxide or sulphide has to bo 
reduced to the metallic state. Cyanides of the heavy metals undergo 
decomposition upon ignition ; some (e.g., the cyanides of the noble 
metals) break up into metal and cyanogen gas ; others into a metallic 
carbide and nitrogen (e.^., the cyanides of iron) ; others again (such 
as AgCy, BgCysi CnCys, ZnCya) yield cyanogen gas, metallic 
silver, mercury, etc., and paracyanogen, — a brownish black substance, 
which is isomeric with cyanogen, and which is usually expressed by 
the symbol, Cyn. 

This deportment of solid cyanides fru*nishes us with ready means 
of preparing cyanogen gas, either by igniting dry BgCy2 or AgCy; 
or oy healing two parts of dry yellow prussiate of potash, or commer- 
cial potassic ferrocyanide, KiiFeCye, with three parts hy weight of dry 
HgCU. 

Cyanogen is a colourless gas, of peculiar odour, burning with a 
beautiful purple or peach-blossom coloured flame, and yielding C02 
and N. The gas is nearly twice as heavy as air (sp. gr. 1'8), and 
since water dissolves about four times its own volume it must be 
collected over mercury, or by downward displacement. It is one of 
the few gases which condense at a moderate pressure (3' 6 atmo- 
iBfpheres). 

REACTIONS IN THE WET WAY. 

The cyanides of the alkali metals and alkaline earthy metals 
are soluble in water, the former readily, the latter with difficulty. 
The cyanides of the heavy metals are insoluble in water, with the 
exception of BgCya ; but are for the most part soluble in a solution 
of potassic cyanide, forming soluble double cyoAiides, which are fre- 
quently crystalline, and which upon ignition are decomposed like 
single cyanides, i.e., the cyanide of the heavy metal breaks up into 
metia.1 and cyanogen, or metal, carbon (carbide?) and nit^gen, 
whilst the alkaline cyanide is not decomposed, and can be dissolved 
out from the residue. 
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The following is a list of some of the more important single 
cyanides, i.e., cyanides which contain only one metal : — 



Potassic oyanide, soluble in water 
Sodic 



Baric 

ZLnoic 

Cadmio 

Niekelous 

CobaltouB 

Ferrous 

Cuprous 

Mercuric 

Argentio 



a 

» 
>l 
)> 
it 
» 



It » 

difficultly soluble in water 
insoluble in water 



n 



it 

» 
n 



ft » 

soluble in water 
insoluble in water 



KCy 

NaCy 

BaCy, 

ZnCys 

GdOfs 

ailCy, 

CoC^a 

Hg€y, 
AffOy. 



Some of these single cyanides are readily decomposed by adds, 
with evolution of hydrocyanic acid ; others, especially the cyanides 
of iron, cobalt, and the noble metals (An,Pt), may be boiled with 
moderately strong acids, without decomposition. 

The action of dilute acids upon double cyanides shows clearly 
the existence of two distinct classes of double cyanides, viz. : — 

1st. Double cyanides which are readily decorrvposahle, giving off 
hydrocya/nic add, when heated with dilute rmneral adds. They possess 
an alkaline reaction. Their alkaline cyanide is decomposed by 
dilute mineral acids into HCy and a salt of the alkali metal, and 
into a cyanide of the heavy metal, which remains in combination 
with the liberated HCy ; or the latter is evolved and the metallic 
cyanide is precipitated; or both cyanides are decomposed, and the 
whole of the HCy is Uberated, e.g. : — 

(1) KAgCya -h NOaHo = AgCy + HCy -h NOaKo. 

Precipitated. 

(2) KaZn"Cy4 -H 4HC1 = ZnCla -h 2KC1 + 4HCy. 

2nd. Double cyanides which possess a neutral reaction a/nd give off 
no hydrocyanic add, when treated with dilute hydrochloric add ; the 
negaiive element of the add forming a salt with the alkali metal, whilst 
the hydrogen or positive element, by nniting with the remaining 
elements, forms a new acid of a more complex nature, thus : — 

KiFeCye -f 4HC1 = HiFeCy, + 4KC1. 

HydrofeiTOpyanio 
acid. 

K,FeaCyia -h 6HC1 = H^FcaCyia + 6KC1. 

Hydroferricyanic 
acid. 

KeCoaCyia -f 6HC1 = H^CoaCyia -h 6KCL 

Hydrocobalticyanio i 

acid. 

The single, as well as easily decomposable double cyanides, which 
yield hydrocyanic acid, when treated with dilute mineral adds, are 

T 2 
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moTeover remarkable for their highly poisonous character, whilst 
these latter — ^the double cyanides containing a non-decomposable 
cyanogen radical {e.g.^ferrocycmogen^ FeCye, cohaUicycmogen^ CojCyn) 
— are not poisonons. 

It is obvions that all these complex cyanogen compounds — ^both 
decomposable and non-decomposable — may likewise be viewed as 
doable cyanides. 

The following list* contains some of the more interesting double 
cyanides, i.e., cyanides containing more than one metal ; the eaaily 
decomposable class being indicated by a comma placed between the 
cyanogen and the metal:: — 

Dipotasfiio zincio tetraoyanide KsZn,Cy4. 

n cadmio „ K,Cd,C^4. 

„ nickelotis i, "K^ifij^. 

Fotasflic argentio dicjanide TSi!A%fij%. 

„ auious n KAu',(!S^s. 

„ aurio tetracyanide £Au'",Cl74. 

DipotaBsic cuprous tetxacyanide "KiOn'^Cj^, 

n platinouB ,, "K^Xf^Cj^, 

TetrapotaBsic diplatiuic decaoyanide K4/Ft'"fijio. 

„ ^ ferrous hexacranide (potassio 

ferropyanidd, yellow prtunate) K4,FeCye. 

Hexa^tassic diferric dodecaoyanide (potassic 

ferricyanidei red prtutiaie) ^^^fiyvt" 

Hezapotassiodioobalticdodecacyanide (potas- 
sic cobalticyanide) TL^fiofiyx^ 

Hezapotassic dichromic dodecacyanide Ke,Cr]0yi3. 

,1 dimaDganio „ K^MnifCyM. 

If we take, however, into account the different deportment of 
these double cyanides with dilute acids and with ferroso-ferric salts, 
with which the easily decomposable double cyanides give, from an 
acid solution, a precipitate of Prussian blue, whilst the others — ^the 
difficultly decomposable double cyanides — ^yield no hydrocyanic acid 
when tr^ted with dilute acids, and produce (with the exception of 
the ferro- and ferricyanogen compounds), no precipitate of Prussian 
blue with ferroso-ferric salts and hydrochloric acid, it becomes 
evident that the complex growps of elements^ ferrocycmogen^ FeCy«, 
ferricyam>gen^ FeiCyu, cohcdticycmogen, CotC^u, etc., which behave 
Wee cyanogen (itself a complex group of two elements, of carbon and 
nitrogen, or a compound radical) may Kkewise he viewed as compoimd 
radicals, if by this term we denote a group of common and constant 
constituents found in a whole series of compounds, and capable of 
replacing multiples of CI, Br, etc., in constant atomic proportions. 

We are able, for instance, to produce by double decomposition, 
precipitates with soluble salts of almost all the heavy metals in 
which the potassium — or positive radical — ^is either entirely or 
partially exchanged for an equivalent quantity of a heavy metali 
whilst the negative group of elements remains unaltered, thus : — 

KiFeCy. + SOaCuo" = KaCu'TeCye -H SOaKo,, or 
KiFeCys + 2SOaCuo" = Cu"aFeCy6 + 2SOJg:oa. 

* Kekul^, Lehrbuoh der oi^ganischen Ohemie, I, p. 814, 
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On the addition of an aJkaline hydrate or carbonate, the whole of 
the heavy metal is removed as hydrate, with formation of potassic 
ferrocyanide. 

Easily decomposable soluble double cyanides give likewise pre* 
cipitates with solutions of heavy metals, e.^., 

2KAgCya -h SOjZno" = Zn"Ag,Cy4 -h SOaKo,; 

Precipitated. 

but there is no evidence to show whether these precipitates are real 
compounds, or only mixtures of two insoluble cyanides ; nor is there 
any proof that alkaline hydrates reproduce the original double cya- 
nide. Dilute sulphuric acid decomposes ZnCya in the above preci- 
pitate, AgCv being precipitated ; just as if no connection had ap- 
parently existed between the two cyanides. Alkaline hydrates or 
carbonates are without action upon easily decomposable cyanides. 
A few are decomposed by sulphuretted hydrogen, e,g,, KjCdCyi, 
KaHgCyi, KAgCvt, with precipitation of a metaUic sulphide; in 
others, such as KsMnCyi, KtNiCy4, KaZnCyi, and KaCuCyi, the 
metal is only partially precipitated as sulphide, whilst K!^e"Gy4 
and KaCo"Cy4 are not precipitated at all. 

It is evident from these changes that easily decomposable and 
difficultly decomposable double cyanides (ferro-, ferri-, oobalti-, and 
chromi-cyanides) differ not so much in their chemical structure and 
habitus, as in the degree of stability which they exhibit. 



We employ a solution of potassic ctanide, KCy. 

Zf OaAgo gives a white cu/rdy precipitate* of arsentle eyanidey 
AgCy, insoluble in dilute nitric acid ; soluble in ammonic hydrate, 
sodic hyposulphite, and potassic cyanide. The precipitate resembles 
AgCl so very closely that special experiments are required to dis- 
tiAgnish it from the latter, or to detect hydrocyanic add in the 
presence of a chloride. 

On igniting a mixture of AgCl and AgCy, which has been 
entirely freed from argentic nitrate by washing with hot water, 
AgCy IS decomposed into cyanogen, metaJhc silver, and paracyanogen, 
AgCl, on the other hand, frises without decomposition. On dissolv- 
ing the residue in nitric acid and filtering, a precipitate of AgCl is 
obtained on the addition of hydrochloric add or of a soluble 
chloride, the silver of which must have been present originally as 
cyanide. 

Dilute mineral acids decompose potassic cyanide with evolution of 
HCy. On decomposing, therefore, a small quantity of KCy by dilute 
sulphuric add, in a small porcelain dish, and inverting another 
small dish, containing a drop or two of yellow ammonic sul- 
phide, over it, the gaseous hydrocyanic add, acting upon the 
ammonic sulphide, forms ammonic sulphocyanate, GyAms, and 

* Sg^ys is not precipitated by argentic nitrate. 
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AttiTTb, thus : — 

SiAma + HCy = CyAmB + AmHs, 
which gives, on acidulating with hydrochloric acid, a characteristic 
hlood-red coloration with FeaCle- 

This constitutes one of the most delicate reactions for free hydro- 
eya/rdc add^ (w well as for soluble or ea^sily decanvposable cyanides. 

SO2CU0", to which a solution of SOHoa has been added, gives 
with KCy a white precipitate of cnproiis cyanide, 'Cu'aCys, soluble 
in potassic cyanide (Ka Cu'jCyi). 

Zf aOiHgso" gives a grey precipitate of metallic mercury, whilst 
BgCya remains in solution, thus : — 

'Hg'aCy, = Hg + HgCya. 

Iron salts are among the most delicate reagents for hydro- 
cyanic acid or for soluble cyanides, on account of their tendency, 
especially in the presence of potassic hydrate, to form difficultly 
decomposable double cyanides, containing the compound acid radi- 
cals ferro- and ferri-cyanogen, which are of a characteristic blue 
colour. (Hence the name cyanogen firom Kvavo9^ blue, and ^ewaoi, 
I generate.) The solution containing hydrocyanic acid or a soluble 
cyanide is first treated with a little po^sic hydrate, then with a 
mixture of a ferrous and ferric salt (obtained by exposing a solution 
of ferrous sulphate for some time to the air) and neated. On the 
addition of dilute hydrochloric acid, in order to dissolve the FoHoi 
and FezHos, which are likewise precipitated by potassic hydrate, a 
fine blue precipitate of Prussian blue is obtained. The changes may 
be expressed 1^ the equations : — 

(1) KHo + HCy = KCy -H OH,. 

(2) SOaFeo" + 2KCy = Fe"Cy,* -f SOaKo,. 

PoCya, by combining with 4KCy, forms the soluble double 
cyanide Ei4FeCy6. 

(3) SaO^FeaO^ + SK^FeCy. = 3Fe"Cya,2Te'"aCy6 + 6SOaKo,. 

Free hydrocyanic acid dissolves mercuric oxide, with formation of 
mercuric cyanide which is not precipitated by alkalies. 

The alkali salts of the compound cyanogen radicals, FeCye, 
FcaCvia, CoaCyia, are decomposed by moderately concentrated sul- 
phuric acid with evolution of hydrocyanic acid. 

ThiB funuBhes us with a oonTenient method for preparing hydrocyanio 
acid. Ten parte by weight of K4Fe07e (yellow pnusiate m potash) are 
distilled in a flask or retort with 36 to 40 parts of dilate sulphuric add (one of 
acid to six of water). The flask or retort is connected with a Liehig's condenser 
and double-necked reoeirer from which any uncondensed gas can be carried 
under a Bimsen lamp. Eyery joint should be nuwie perfectly tight, and the oon- 

* VeCya is difficultly obtained in an isolated condition, as it forms, in the 
presence of KCy, potassic ferrocyanide, £4FeCys, containing the compound 
cyanogen radical FeCye. 
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denfler-tube shoiild dip into the water placed in the reoeiyer. The reaction takes 
place according to the equation : — 

SKfFeCys + 880sHo2 » 6HC7 + EsFe'TeCjrc + SSOsEoa. 

White residue 

tumine blue by exposure 

to uie atmosphere. 

Hydrooytuiic acid is exceedingly poisonous. Small quantities of 
the gaseous acid, when inhaled, cause a peculiar sensation in the 
throat and are followed by headache, giddiness, and other disagree- 
able symptoms. (Antidotes : ammonia gas or chlorine.) G-reat care 
must therefore be taken in operating with HCy or with cyanogen 
compounds generally, and for the purposes of analysis small 
quantities only should be operated upon at a time. 



HYDBOFEBBOCYANIC ACID, HAFeCye.— This acid is 
tetrahasic, i.e., its four hydrogen atoms can be repla<^ by four 
atoms of a monad or two atoms of a dyad metal. The potassium 
salt is prepared on a manufacturing scale by introducing nitrogenous 
animal substances (horn-shavings, etc.) and iron into fused wood- 
ashes. The fused mass is lixiviated with water and the salt allowed 
to crystallise out. It may also be prepared by decomposing Prussian 
blue with KTTo or COK03 and separating the ferric hydrate by 
filtration, thus : — 

3Fe"Cya,2'Pe"'aCyo -h 12KHo = SKiFeCye + 2Pe2Hoe. 

Potassic ferrocyanide, KliFeCye + 3Aq, crystallises in large 
lemon-yellow crystals; hence its name yellow prussiate of potash. 
Its positive element (potassium) can, by double decomposition, 
be replaced by other metals, either entirely or partially, and the 
property of cyanogen to form double cyanides is well illustrated 
by the deportment of the more complex ferrocyanides. This will 
be seen from the following . list of some of the more common 
ferrocyanides : — 



K4FeCve + 8Aq. K,Ca"FeCyo + 8Aq. 

Na4FeCyo + 6Aq. CuaFeQr« + 4Aq. 

Am4FeOye + 8Aq. KjOu'TePye + 2Ajq. 

Ba"8FeOye + 6Aq. K,Fe"FeCye. 

KaBa"FeCyo + 3Aq. NaKaFeOy. + 8Aq. 

Ca"aFeCyo + 12Aq. AmK^YeCj^ + 8Aq. 

REACTIONS IN THE DUY WAY. 

KiFeCye fuses, when strongly ignited, and breaks up into nitro- 
gen, potassic cyanide, and carbide of iron, or a mixture of carbon 
and iron ; thus : — 

K4FeCye = 4KCy + CaFe i- Nf. 

Heated with free access of air, or in contact with metallic oxides, 
the KCy is farther converted into potassic cyanate, GyKo. 



280 HTDROFERROCYANIO ACID. 



BBACnONS IN THE WET WAT. 



We employ a solution op potassic fbeeoctanidb. 

The alkaMne ferrocycmides are readily soluble in waievy the aJUcalins 
earthy ferrocyanides are difficultly soluble; those of iron and most 
other metals are insoluble in water, and ma/ny of them also insoluble in 
a>cids. They are decomposed on boiling with potassic hydrate with 
formation of a solution of potassic ferrocyanide, and an insoluble 
metallic hydrate. Some ferrocyanides are remarkable for their 
characteristic colour, notably so those of iron and copper ; others 
are white, e,g.<, those of the alkaline earthy metals, of Zn, Fb, Ag, Hg; 
greenish white, e.g., Ni"iFeCy6, Gos"FeGy«; i^Bddish white, e,g,, 
Mn"2FeCys. Potassic ferrocyanide is employed, on this account, as 
a useful reagent in the qualitatiye examination of metals, especially 
of iron and copper. 

If OaAgo produces a white precipitate of arventle ferrvejaalde, 
AgiFeCyc, insoluble in dilute nitric acid and ammonic hydrate, 
soluble m potassic cyanide. 

SOsCuo", added in excess, gives with a solution of K^FeCye a red 
(chocolate-coloured) precipitate of tfenprle ferrvejaalde, Cu^aFeCyc, 
whilst an insufficient amount of the cupric salt gives a brown pre- 
cipitate of tfpotassle eaprie ferrvejaalde, KaCu^'FeCye. 

SOsFeo" gives a Ught bhie precipitate of Olpotassle ferrsiis ferr9» 
ejaaioe, KjFe FeCye, thus : — 

KiFeCye + SOaFeo" = KaFe'TeCye -h SOaKo,, 

which is slowly oxidized by exposure to the air, or rapidly, by 
oxidizing agents, such as nitric acid or chlorine water : a part of the 
potaasium being removed as oxide, or chloride, thus : — 

2Fe"KJFeCy, + CI, = Fe",K,FeaCyi, + 2KC1, 
Light blue Diferrous dipotasaio 

precipitate. ferricyanide. 

or potassic ferricyanide in which four atoms of potassium have been 
replaced by two atoms of dyad iron. 

Potassic ferrocya/nide is in fact readily converted into potassic ferri- 
cyardde, KeFcaCyia (analogous to the conversion of ferrous salts into 
ferric salts), by various oxidizing agents, such as chlorine, nitric 
acid, potassic cnlorate and hydrochloric acid, etc. 

FeaCle gives an intensely blue precipitate of 3Fe"Cya, 2'Fe'"aCyg 
called PmMlan blue, thus : — 

8K4FeCy, -H FeaCl« = 3Fe"Cya,2'Fe"'aCy« -H 12KC1, 

which constitutes at once a most characteristic and delicate reaction 
for ferric salts and for ferrocyanogen (as well as for cyanogen, as 
has been already shown). This precipitate is insoluble in dilute 
mineral acids, but dissolves in oxalic acid to a blue liquid (blue ink), 
and in ammonic tartrate to a violet liquid. It is decomposed by 
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alkalies. On boiling with mercnric oxide, Prussian bine is entirely 
decomposed into BgC/ja and ferrons and ferric oxides, thns : — 

3Fe"Cy„2'Fe"',Cye -H 9HgO = 9HgCy, + 2TeO -H 2PeaO,. 

By adding an insufficient amount of VOaCl^ to a solution of K^FeCjs, a 
blue precipitate is likewise obtained which is, howoTer, soluble in water and is 
therefore called soluble JPruuian blue (used for inks). It is generally thought to 
be composed of one part of Prussian blue and one of potassio ferrocyanide. 

Concentrated snlphnric acid (9 parts by weight) decomposes 
potassic ferrocyanide (1 part by weight) with evolution of carbonic 
oxide (method fob puepabino cabbonig oxide) ; the nitrogen of the 
cyanogen being converted into ammonia and left as ammonic 
sulphate, thus : — 

K^FeCy. + OSOsHo, + 60H, = 6C0 + 2SOsKo, + SOsFeo" 

+ SSOsAmoa. 

When concentrated hydrochloric acid is added to an ijlVoliTie 
ferrocyanide, hydroferrocyanic add separates, in the cold, as a white 
crystalline powder which turns rapidly blue. If ether be added to 
the solutioi^ oi potassic ferrocyanide, previous to its precipitation 
with concentrated hydrochloric acid, the acid is obtained quite 
colourless. 



HYDROFERRICTANIC ACID, HaFe,Cy„.— This acid is 
hexahasic, since its six atoms of basylous hydrogen may be replaced 
by six atoms of a monad metal, or by three atoms of a dyad metal. 
Potassic ferricyanide is derived from K^FeCj^ by a process of oxida- 
tion, as for instance by passing chlorine into an aqueous solution of 
it, till a solution of ferric chloride produces no longer a blue preci- 
pitate, but imparts merely a brown coloration to the liquid. The 
change is expressed by the equation : — 

2K4FeCy6 + CI, = KeFcCyn + 2KC1. 

It is effected by the abstraction of two atoms of the metal potassium 
£rom two parts of KiFeCye. Two atoms of cyanogen are trans- 
ferred to two molecules of FeCys, whereby the ferrous cyanide is 
converted into ferric cytmide, thus : — 

2(4KCy,FeCy,) = 6K€y,Te"'aOy. -h K,. 

It is also called red prussicUe of potash on account of the dark red- 
coloured crystals which are separated from potassic chloride by 
crystallisation. 

Reducing argents convert it into potassic ferrocyanide, especially 
in alkaline solutions. The transformation is effected by the addi- 
tion of two atoms of the metal potassium : — 

KeFeaCyij 4- K, = 2K4FeCye. 
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The ferric cyanide in the double cyanide is reduced to ferroua 
cyanide, thus : — 

6KCy,'Pe"'aCye + K, = 8KOy,2Fe''Oy„ or 2(4K:Cy,FeCy,) 

= 2K4FeCy6. 

The following are instances of indirect oxidation effected by 
potassic ferricyanide : — ' 



[9 conyerU the ferri- into a ferrocyanide, with oepantion of sulphur, 
EI „ „ „ with precipitation of iodine, 

GrsOg, or its salts, in the presence of EHo is converted into GrOa, 
FbO „ „ „ „ FbO„ 

aCnO „ „ „ BEnOs, 

BnO „ „ „ „ SnOfc 

r COHo cr, 

\COHo " " » *'^* 

KCt „ „ „ ^Ko, 

SOj „ „ „ SOt, 

If H3 gives with KeFciCyu potassic and amnionic ferrocyanides with 
evolution of nitrogen gas, thus : — 

GKeFejCyia -h IGNH, = QKiFeCye + SAjUiFeCy. + N4. 

Many organic substances, e.^., sugar, dextrine, starch, alcohol, and 
even paper, are oxidized, in the presence of an alkaH, to CO2 and 
OHa. Indigo is bleached. Phosphorus, sulphur, and iodine are 
converted by the action of E^FejCyu, in the presence of alkalies, 

into SOaHos, VOHos, < qtt • Analogous to potassic ferrocyanide 

it forms double ferricyanides, by the partial or entire replacement of 
the six atoms of the positive elemept, potassium, by different metals. 
The following are some of the more important metalHc ferri- 
cyanides : — 

KflFesCyia. Ba"^,FejCyij + 8Aq. 

NacFeaCyia + Aq. Fe^aFeaOyu (Tumbull's blue). 

Ca",FesOyia + 6Aq. 

REACTIONS IN THE DEY WAT, 

Potassic ferricyanide is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassic 
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon 
andiron. 

EEACTIONS IN THE WET WAT. 

We employ A solution of potassic ferbictanide. 

The aUcaUne ferricyamdes are readily soluhle in water. The others 
a/re mostly msohMe, 

If OaAgo produces an orange coloured precipitate of arsentle ferrU 
eyanide, AgsFcaCyia, insoluble in dilute nitric acid, but readily 
soluble in ammonic hydrate and potassic cyanide. 

SOiFeo" gives a Hue precipitate {TurnbvXCa blue) of Fe"»FesCyu, 
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tiillBnwiM ferrleyaiilde, wbich is decomposed by potassic hydrate into 
potassio ferrocyanide and ferrous and ferric hydrates : 

Fe^sFeaCyit + 8KH0 = 2K4FeCy6 -h Pe"Hoa -H Pe,Ho«. 

FeaCle produces no precipitate, but gives a hrottmish coloration. 
The deportment of potaesic ferro- and ferricyanide with iron salts 
enables us to distinguish between ferrous and ferric salts. 



HTDR«COBALTICTAlVIC ACID, HeW'^jCju.— SolutioiiB of odbul- 
toiiB salts are precipitated by KCy. The precipitate consists of fiesh-oolouied or 
cinnamon-brown cobaltous cyanide, GoGyt. Excess of potassic cjanide dissolyes 
tlie precipitate, forming a readilr decomposable double cjanide, which, on 
boiling, or on the addition of HCfl, is conyerted into a difficultly decomposable 
double cyanide, analogous to potassio ferricyanide, with cTolution of hydrogen, 
thus: — 

2(4E:Cy,CoPys) + 20Ht » K«CosCyi9 + 2KHo + H,. 

Potassic oobaiti- 
cyanide. 

This double cyanide is of great interest, because U enables ue to separate 
eobdU from nickel, both quaUtaHveUf and qnamUtatively, 



CTAKIC ACID, CJyHo. — Obtained in the form of potassio cjanate by the 
oxidation of KCy or K^FeC^e. This salt is yery stable when heated by itself, 
but deliquesces in the air, and is broken up by water into an acid carbonate and 
ammonia, thus : — 

GyKo + 20Hs » GOHoKo + ITHa. 

Potassic emanate is invariably fonnd in commercial potassic cyanide, sometimes 
to a considerable extent. 

BEACTIONS IN THE DBT WAT. 

It acts as a flux in blowpipe reactions, and is a powerful osidisimff agent. 
When heated with charcoal, it is conyerted into KCy, CO and GOs. On heating 
therefore, a metallic oxide on charcoal, with KCy containing CyKo, the oxide la 
reduoed to the metallic state. 

REACTIONS IN TEE WET WAT. 

The emanates of the aUealiee, alkaline earths, and a few metaXUe oxides are 
solmble in water, hut decompose rapidly with evolniion of ammonia. If O] Ago pro- 
duces with potassic cyanate a white precipitate of arventle ejraiiatet CyAgOi 
«o^2« in ammonic hydrate, and in dilute nitric add; AgCy is two Wfo in nitric 
acid. 

Moderately concentrated sulphuric or hydrochloric acid decomposes CyKo 
with efferyescence, owing to the liberation of CyHo, which aflfects the eyes 
most painfully and is recognized by its pungent odour, resembling that of strong 
acetic add ; the greater portion of the liberated add is, howeyer, decomposed at 
onoe by water into GOj, and an ammonic salt, thus : — 

2PyKo + 2SOsHo2 + 20Hs » 2GOs -*- SOsKoj + SOjAmos. 
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SVIiPH OCTAK lO ACID, CyHs. — Obtained in oombinAtion witb potasrium 
bj beating KC^ with snlpbur or a metallic Bulpbida, Henoe it« uae for redmemg 
metallic rolpbidea in blowpipe reactions. 

REACTIONS IN THE DBT WAT. 

CjKa can be fused out of contact with the air, without undergoing decom- 
position. It turns first brown, then green, and lasUj indigo blue, but becomes 
again colourless on cooling. Id. contact with the air, CyKs is converted into 
oyanate and sulphate, with disengagement of SOs. The sulphocyanates of the 
heavy metals are decomposed upon isnition, GSj being giyen off at first, and on 
raising the temperature a mixture of nitrogen and cyanogen is erolyed, whilst a 
metiUhc sulphide is left : — 

4&0us" - I^« + 8{cN "^ 2CS, + 4CllS. 

BEACTIONS IN THE WET WAT. 

We employ a soiiUnoN or amkovic sxtlphocyavaxb, CyAms. 

21 OsA^ produces a wkUe cwdy precipitate of arsentle anlplipejraiiAtet 
CyAgs, hisoluble in water and in dilute acids ; it is soluble in ammonic hydrate, 
from which it crystallises out on evaporation. It is also soluble in CyAms or 
CyKs, forzning a double sulphocyanate (CyAgs, CyKs), firom which water or 
hydrochloric add precipitates granular — ammonic hydrate crystalline CyAgs. 

SO^Cud'' gives a black crystalline precipitate of enprlc anlplipCTmiiatet 

^Cus" which on standing in the liquid is converted into tnprmum anlplis- 

cymnate, q^Cu^s''. This characteristic cuprous salt is obtained instantly by 

adding SOHo^, or a solution of a ferrous salt to the cupric salt. 

VOsClo produces an intenaeUf red solution, owing to the formation of a soluble 
ferric anlphpcyanate, CysFess"^. Alkaline sulphocyan^tes furnish us, on this 
account, with a mott deUctUe reaction for ferric saltt. This reaction serves also 
for the detection of sulphocyanogen and hydrocyanic acid. The blood red 
colour is destroyed by SgrCls. On introducing some metallic sine into the 
blood red solution, SHj, is evolved. 

QUESTIONS AND EXEBCISBS. 

1. Explain the derivation of the term cyanogen. 

2. Why are -j q^, FeCye and FOsCyis viewed bb oompoimd radicals ? 

8. How are KCv, "K^eCj^ and K^yefijn prepared ? Describe their properties, 
as £Ehr as the analytical data illustrate them. 

4. Explain the action of heat upon KCy and K4FePy8, Ist, out of contact with 
air ; 2nd, with free access of air. 

fi. What constitutes the usefulness of KCy as a reagent for blowpipe experi- 
ments? 

6. Explain the changes which cyanides of the heavy metals undergo upon 

Ignition. 

7. How would you prepare cyanogen gas P Describe its properties. 

8. Classify cyanides according to their solubility in water. Enumerate some of 

the more important single ovanides. 

9. What is understood by soluble double cyanides ? How are they classified, 

and how can the easily decomposable double cyanides be distinguished, 
from the difficultly decomposable double cyanides ? 

10. Enumerate, 1st, easily decomposable double cyanides ; 2nd, difficultly decom- 

posable double cyanides. 

11. Give reasons for the exutenoe of the compound radicab ferro-, fern- and 
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oobalfcicyaiiogeii in the doable oyanidee KiFeQyf, 'Sh"''JPefijit, 

Cu",CojCyu. 
12. Explain the action of dilute acids upon Bingle cyanidee and upon easily de« 

oompoBable double (^anides. 
18. Explain the difference between a precipitate, produced by a solution of a salt 

of a heayy metal with a solution of an easily decomposable double cyanide, 

or with an aUcaline ferro- or ferricyanide. 

14. What is the action of hydrated and carbonated alkalies upon the two classes 

of double cyanides P 

15. Explain the action of SB's upon the following cyanides and double (nranides: 

^fCvif K9CdPy4, KAgO^s, EsMnGy4, EsCuCy4, E9CoCy4, EsNiCy4. 

16. How IS AgCy distinguished m>m AgCl P 

17* Describe the action of HGy upon SaAmi, and explain how traces of HCy 
can be detectedi in the presence of ferro- or ferricyanogen compounds. 

18. How would you demonstrate the greater stability of SflrClf oyer that of 

HirOyaP 

19. Explain the use of ferroso-ferrio salts for the detection of HCy. 

20. How IB HCy prepared P Describe its properties. 

21. Describe shortly now yellow prussiate of potash can be prepared. 

22. Enumerate some of the more common ferrocyanides. 

28. How would you examine a fezrooyanide insoluble in adds, e.^,, iVuMuni 
hime? 

24. Explain the action of KHo upon Prussian hlme and upon 7}wnibulCs hlme. 

25. Explain what reactions ferrous and ferric salts giro with ferzo- and £arri- 

cyanides. 

26. Explain the formation of soluble Prussian blue. 

27. What is the action of dilute or of concentrated sulphuric acid upon potassio 

ferrooyanide P 

28. State how H4FeCy« is prepared. 

29. Explain the oonyersion of potassio ferro- into ferricyanide. 

80. GKtc instances of the oxidizing action of potassio ferricyanide in J^lWHn^ 

solutions. 

81. Enumerate some of the more important metallio ferrioranides. 

82. How can argentic ferro- and ferricTanides be separatea firom each other P 
88. What decomposition takes place when ferro- and ferricyanides are fused with 

a mixture of ammonic sulphate and nitrate P 
84. How is CyHo recognised in tne presence of a cyanide P 
86. What is the action of concentrated SO^Ho^ upon a cyanate ? 

86. What reactions take place when potassio cyanate is heated with charcoal, 

with BlnOs or with OHiP 

87. Explain the formation of potassio sulphocyanate and state what change it 

undergoes when heated in contact with air. 

88. Explain the action of nascent hydrogen upon ferric snlphooyanate. 

89. Why does potassio snlphooyanate enable us to distinguisn between ferrous 

and ferric salts P 

40. Calculate the percentage composition of cuprous snlphooyanate, ^Cuis^'. 



Chapter VHI. 

REACTIONS OF THE ACIDS. 

B. OsoANiG Acids. 

Most organic acids cannot be distingnislied qnalitatiyelj as readily 
as inorganic acids. A few of the more generally occurring acidk 
which can be readily detected, claim a short notice. 
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The greater nnmber of organic acids consist of carbon, hydro- 
gen and oxygen ; some also contain nitrogen. There is no organic 
acid known containing only two single atoms of an element, and 
only one containing three, -viz., hydrocyanic acid, HON ; whilst the 
number of atoms in a molecule of an organic acid, as for instance 
in stearic acid, CigHseOs, is far greater than in any inorganic 
conmonnd. 

The element with which oxygen, hydrogen and nitrogen are 
grouped in organic acids is ca/rhon which in most cases, prol^bly in 
all, acts as a tetrad element.* 

Ghronps of elements performing similar fimctions in organic 
acids, and bnilt np invariably in the same manner, are called com- 
pownd orgcmic radicals. 

Nearly every organic acid contains one acidifying principle of 
two negative compound radicals, e.g. : — 

f CN'" 
Cyanogen (molecule) < ^^"t N^C-j—feiLN*, or 

Oxatyl (the molecule f ^q-^^ 

oi which is dry< ^r\^^ 0=C-t— C=0. 
oxalic add) '\COHo 






I 

H 

The semimolecule of each of these compound radicals contains one 
atom of carbon with one bond left free to combine with another ele- 
ment, or group of elements, the other three bonds being satisfied, 
in cyanogen, by combining with triad nitrogen, or in oxatyl, with 
one atom of oxygen and one of hydroxyl. In the molecules the 
two free bonds of the carbon satisfy each other. 

These radicals are closely related to each other. An aqueous 
solution of cyanogen (one volume of water dissolves about four 
volumes of the gas) is speedily transformed into ammonic oxalate, 
thus: — 



r CN . . rtTT - / COAmo 



In the presence of a boiling solution of potassic hydrate, (^imog^ 
evolves ammonia and produces potassic oxalate, thus : — 

U^;;! + 2KHo + 20H, = [cokI + ^KH,. 

from which salt oxalic acid can be obtained. 

Oxalic acid, on the other hand, may be converted into cyanogen, 
by transforming it into ammonic oxalate and submitting tms salt to 
the action of heat, thus : — 

• Fmikland : Lecture Kotee, page 199. 
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rtit 



r CO(NH,0) _ f CN' 4^2 

Oxalic acid, or the molecule of the componnd radical ozatyl, 
resnlts from the oxidation of a large number of organic bodies, e.g.^ 
sugar, woody fibre, etc., by the action of powerful oxidizing agents, 
such as concentrated nitric acid, 'and is resolved into the two pro- 
ducts of the final oxidation of everything organic, viz., carbonic 
anhydride and water. 

Heat, in fact, breaks up nearly all salts of organic acids. Those 
of alkaline and alkaline earthy bases, leave upon gentle ignition 
ca/rhoncUeSj with separation of carbon, and consequent blackening, 
oxalates excepted. The carbonaceous residue being soluble in water, 
indicates that the organic acid was combined with alkali metals, and 
if insoluble, with alkaline earthy bases. The decomposition is, more- 
oyer, accompanied in most instances by the evolution of volatile 
matter, of carbonic oxide and hydrocarbons, empyreumatic yapours 
and oils. 

In the free state organic acids are either volatile, and can be dis- 
tilled or sublimed, generally without undergoing decomposition and 
without leaving any carbonaceous residue, as for instance, formic 
acid, and its homologues acetic acid, etc. (o^ the acids of the fatty 
acid series) ; benzoic acid and others, belonging to the series of 
aromatic organic acids. These acids can be removed from any of 
their saline compounds by decomposition with dilute sulphuric 
acid. Other organic acids are ncn-volatile, and are decomposed 
when heated by themselves, leaving a carbonaceous residue ; and the 
acids cannot be removed from their salts by distillation with sul- 
phurio acid. ' 



f H 
FORMIC ACID^ < COHo* — ^^^^^^ ^ ^ great many chemi- 
cal reactions, as a product of oxidation or decomposition. It is 
usually prepared by heating a mixture of equal weights of crystaUised 
oxalic acid and glycerine to 75^ C, and distilling with water — 

rCOHo _ fH ^^ 

\ COHo " \ COHo ^ *^^>- 

Formic acid distils at 100^ C. It is of interest as being the lowest 
possible acid in the series of fatty acids, a series which most com* 
prehensively illustrates the structure of organic acids. 

By a successive increment of CHa, or by substituting for H — 
the positive element in formic acid — successively semi-molecules of 
the compound organic radicals methyl, CH3, ethyl, CsHs, etc., the 
whole series of fatty acids can be obtained, tlius :— 
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SERIBS OF FATTT AOIDS. 



Formic add | ^.q^o 





— C— O— H 



fH 



H O 
Acetic add i CH, or ( S^^ H— 0— C— 0— H 



fH 



H H O 



Propiomc acid<j g|; or {g^„ H-i-cUS-O-H 



I.COH0 



U 



Butyric add 



(IB. 
CH. 
CH, 
CH, 
COHo 






or 



{ 



CH, 
COHo 



Stearic add 



fe"{S6^ 



The lower members of the series of fatty acicLs dissolye freely in 
water, whilst the more complex fatty acids, with largely increased 
molecnlar weights — ^to mention only stearic acid — ^are qnite insoluble 
in water. 



REACTIONS IN THB DRT WAT. 



Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of contact with air, are decomposed into carbonates and a 
little carbon, with disengagement of combustible gases — ^mainly 
carbonic oxide and hydrogen. Formates of the heavy metals give 
off COt, GO, and OHt, leaving the metal (generally mixed with a 
little carbon). 

REACTIONS IN THB WET WAT. 

We employ a solution op bodic formate, < 2r)-M- 

AUfcmnaies a/re eoluhle m water; some also in alcohol. 

Formic acid and formates are readily recognized by their pro- 
pCTtv of reducing salts of the noble metals, e.^., A^uCls, XrO»Ago, 
Bf 3O4Hgs0", or BgClf to the metallic state, with evolution of car- 
bonic anhydride. 

Potassic permanganate is likewise deoxidized by formic acid. 
This redMcmg acHon dUtinguiehes formic acid from aceUc acid and 
^noHofiU Jumiologues. 

^ M align heated with c(ftioentrated sulphuric acid, formic acid and 
wrmates are broken un into water and narlvmin r^^Atk ^\,\tAx 1044.^. 




AOETIC ACm. 



bnnu with a fine bltte flame. (Method o; pbepabino casbohic oxidh 
OAS.) The mixtnre does not blacken. The decompoeitior ' 



IcOHo + SO.H0. = CO + BO,Ho, + OH,. 



ACETIC ACm (Vin^far), 1^^^.— ObtMned either by the 



oxidation of alcohol, thna :- 



CH, 
CH.H0 



+ 0'={cOTo+»H. 



or by the deBtrnctive distillation of vegetable sabstuiceB, especially 
of wood. Pure acetic acid boils at 117° C, and is prepared l^ 
decomposing dry sodic acetate (5 parts by weight) with concen- 
trated snlphioric acid (6 parts by weight). The cmde acid is 
placed over BSnOi, in order to destroy any S0|, and reotifled by 
distillation over a little sodic acetate. 

BEAcnoirs ra the det wat. 
Acetates are decomposed npon ignition, yielding a pecnliar 
inflammable volatile liquid called acetone, < cOCH ' ^^'^^ — 

The acetates of the alkalies and alkaline earthy bases, when 
strongly ignited, leave a carbonate; those of the heavy metals 
leave either a metallic oxide, or the ntetal itself, mixed with carbon. 

Heated with canstic alkalies (soda-lime), as seen in Fig. 89, dry 
Bodio acetate gives off marth-ga», or liyM earbttretted hydrogen, CHi, 
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3 { cONao "^ NaHo,CaHo, = 2CONao„COCao" + 8CH4. 

Manh-gM. 

Tlie gas can be collected in the nsnal manner over water, and on 
applying a light it bums with a pale bine flame, with formation of 
water and carbonic anhydride. It forms one of the constituents of 
the gas-bubbles which are seen to rise from the bottom of stagnant 
waters, where decaying organic matter has accumulated. Hence its 
name marsh-gas. 

Its specific gravity is '554 when compared with air. Its mole- 
cular weight is 16, one litre weighing 8 criths. It explodes when 
mixed with air. Light carburetted hydrogen forms a constituent 
of ordinary coal-gas, and is likewise round in coal mines, where it 
gives frequently rise to explosions when mixed with air and fired. 
It is called by the miner fire-damp. The atmosphere left in the 
workings of a coal-pit, after an explosion of fire-damp has taken 
place, is called choke-damp, or after-damp, consisting to a large extent 
of carbonic anhydride. 

REACTIONS IN THE WET WAT. 

A SOLUTION OF soDic ACETATE, < ^rvia- niay be employed. 

All acetates are soluble in water. Argentic and mercurous acetates 
are the least soluble. 

On heating a solid acetate (or a concentrated aqueous solu- 
tion of it) with alcohol and concentrated sulphuric acid, acetle 

{CH 
COEto (Bt= ethyl) is formed which 

possesses a peculiar fr*agrant odour. The change is expressed 

thus : — 

{ COTao+ ^*H« + SO'H"' = { COEto + »0»HoNao + OH.. 

Too much alcohol should be avoided lest common (or sulphuric) 
ether, OEt,, be formed, the odour of which would mask that of the 
acetic ether. 

By distilling an acetate with moderately dilute sulphuric add in 
a retort, free acetic acid is obtained, which is recognized by its 
characteristic pungent odour. 

FejCle added to a solution of an acetate, produces a deep red-coloured solu- 
tion, owing to the formation of ferric acetate. On boiling, the whole of the iron 
is precipitated as basle fenie aeetate, in the form of brotonuh yellow fiaket. 
AmHo precipitates the iron fix>m a solution of ferric acetate as ferric hydrate. 

Ammonic acetate, especially in the presence of ammonia, dissoWes seTend 
insoluble sulphates, e.g., SOfFbo'', SOsCao'^ 

STEARIC ACID, (coBb.— Found in &tty bodies, e.g., 



pure mutton fat, in combination with glycerine, < CHHo . When 

LCHsHo 



r CH,Ho 
■ine, < 
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heated with solntions of caustio alkalies, the &t saponifies and the Beitty 
acid forms with the alkali metal a aoafp^ ireelj soluble in warm 
water, and the glycerine separates. On decomposing the soap 
by the addition of an acid (dilnte hydrochloric or sulphuric), 
the &t which separates is found completely changed in character. 
It has an acid reaction to test-paper when in a melted state, 
and is soluble with the greatest facility in alcohol from which 
it crystallises in milky white needles. Its composition is CwHwOs 

or < #;Q£rl- I^ melts at 54°C. Pure hard soap is sodic stearcUe^ 
jcONao' ^^ contains generally— 

20 — 26 per cent, of water 
7- 8 „ „ Boda(ONa,) 
and 67—73 „ „ stearic acid. 

The analysis is effected by treating 10 grms. of soap, cut up into 
thin slices, in a porcelain dish with dOute hydrochloric acid and 
heating gently for some time, till the whole of the soap is decom- 
posed, the fatty acid floating on the surface. The dish is set aside 
to cool, when the fatty acid is obtained as a solid cake which can 
be readily removed and dried between filter paper. Sodic chloride 
is left in solution and is obtained on evaporation in crystals. 

QUESTIONS AND EXERCISES. 

1. What elements enter into the composition of organic acids P 

2. State which compound organic radicals are met with in organic acids, and 

show the relation which exists between them. 
8. How are the sereral salts of organic acids influenced by heat, and what 

inference can be drawn firom this action ? 
4. Explain the structure of the seyeral members of the &tty acid series. GKto 

illustrations. 
6. How is formic acid obtained, and what changes do formates undergo, when 

heated out of contact with air P 
6. How can a formate be detected in the wet way P Giye equations. 
7* State how you would prepare pure carbonic oxide from baric formate. 

8. You hare giren to you plumbic formate, how would you prepare therefiiom 

formic acid and sodic formate P 

9. State how acetio acid is prepared. 

10. What is the action of heat upon dry acetates P 

11. How would you prepare marsh-gas P 

12. Explain the terms fire-damf^ cMke-damp, or afterdamp, 

13. How can the composition of marsh-gas be shown experimentally P 

14. Explain the action of acetic acid upon argentic earbonate or plumbic oxide. 
16. What residue is left on igniting sodic acetate, calcic acetate, plumbic 

acetate, or argentic acetate P 

16. Explain how you would obtain acetic ether, describe its composition and 

properties* 

17. GKve graphic formula for marsh-gas, cyanogen, acetic ether, acetone. 

18. Expliun the composition of hard soap. 

19. A solution oontamine an unknown quantity of formic add, when heated with 

solution of AuCls, yielded 2*236 grms. of metallic gold. How much 
formic add by weight did the solution contain P 

n 2 



292 BENZOIC AND SUOOINIO ACIDS. 

20. A quantity of crjBtallised argentic acetate leaves upon ignition 1*236 grm. of 

metallic silyer. How much acetic acid does this correspond to P 

21. How much dry sodic acetate must there be decomposed in order to obtain 20 

litres of marsh-gas ? 



BENZOIC ACID, | JoS'^^'' ^"^ ^^^"^^^ BzHo.~ Is fonnd 
in many gnms and balsams, from whicli it is obtained by subli- 
mation. Heated in a tnbe open at both ends, the acid sublimes in 
long needles, giving off a veiy irritating vapour. Heated on platinum 
foil, benzoic acid bums with a luminous smokv flame. 

The crystalline acid is very slightly soluble in water or acids 
and floats on water. Benzoates of tetrad metals are mostly insoluble 
in waieTj all others a/re soluble, 

FOaCU gives a pale yellow precipitate of basie fenie bensoste, 
BzeFoso'^jFesOs+ld Aq; and ammonic benzoate is employed some- 
times for the separation of Fe*^ from Mn" (compare page 168). 

On distilling benzoic acid with lime or ba^ia, benzol, CJ3^ is 
obtained — 

{ COHo '^^' + ^^^ + *^«^ + COCao". 

Dilute acids precipitate benzoic acid firom aqueous solutions of 
benzoates ; nitric acid is without action upon it. 

Heated with, concentrated sulphuric acid, benzoic acid does not 
blacken, neither does it evolve 8O2. 



( COHo _ 

SUOOINIO AOm, i C2H4 , or briefly 8nR(h— Dibasic acid,— 

(COHo 
Obtained by the distillation of amber, of fossil resin, and also by 
the long-continued action of nitric acid upon butyric, stearic or 
margaric acids. The acid crystallises in white plates; is readily 
soluble in water, alcohol and ether, and is not acted upon by boiling 
nitric acid. Heated in a tube open at both ends, it sublimes in 
silky needles. Heated upon platinum foil, it bums with a blue 
flame and without smoke. 

Succinates are decomposed upon ignition, the alkaline and 
alkaline earthy succinates leave a carbonate, mixed with carbon. 
Most succvnates a/re soluble in water. 
Plumbic acetate gives a white precipitate of neiltral plnmble 

rco — ' 

succinate, < CJS4 Pbo", which is rendered basic by treatment with 

Ico _j 

ammonic hydrate. 
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Fe2Cl« produces from a Bolntion of neutral ammonio succinate a 
hrownish red^ voluminous precipitate of liaaie ferrie sueeliuite^ 

SuaFeaO^yFeaOs, readily soluble in mineral acids. AmHo renders 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonic succinate, leaving a more basic succinate. (This reaction 

SBEVBS FOB THE SEPARATION OP Mn" PROM Fe*^.) 

On boiling the precipitate, produced by ferric chloride from a 
solution of a succinate or benzuate, with ammonic hydrate, a soluble 
ammonic salt of these acids is obtained which can be separated by 
filtration firom the insoluble residue. On the addition of alcohol and 
BaCls to the ammoniacal solution, a white precipitate of baric 
succinate is obtained, whilst benzoic acid gives no precipitate (dis- 
tinction BETWEEN BzHo AND SuHOs). 

QUESTIONS AND EXERCISES. 

1. How are benzoic and succinic acids pre pare d P Giye graphic formal». 

2. How would you distinguish BzHo from^uHos in the dij way P 

8. State how the precipitate produced by BzHo and SuHos with Ve^^ 

assists us in distinguishing between these two acids. 
4. How would you prepare benzol from benzoic acid ? 
6. Tou hare given tp you a mixture of plumbic benzoate and succinate. State 

how you would obtain the two acios in the free state. 
6. 1*340 grm. of the argentic salt of an organic acid leaves upon ignition '632 grm. 

of metallic Ag. What is the molecular weight of the acid P 



OXALIC ACm, I cOHo""^^^*^ acid.— Obtained by the 

oxidation of a larg^ number of organic bodies, e,g.^ sugar, by nitric 
acid ; or woody fibre, by the action of caustic alkalies. The free 

{COHo 
COKo "^ ^-^4' ^ ^ violent poison. It crystallises in rhombic 

prisms with two molecules of water of crystallisation, which it loses 
when exposed to dry air, i.e., it effloresces and falls to a powder. With 
bases it forms an important series of salts called oxalates. The acid 

fCSOTTn 

being dibasic, two series of salts {neutral and acid oxalates, ifvf);^ 
and #«rvTT^) exist (besides some au^per-a/dd oxalates.) 

BBACTIONS IN THE DBT WAT. 

OxaHc acid when heated hj itself, sublimes for the most part 
unchanged ; a portion of it breaks up into GO, CO3 and some formic 
acid. Oxalates yield, upon ignition, different products of 'decom- 
position, according to the nature of the base contained therein. 

Alkalims oxalaiea leave a carbonate^ with slight blackening, and 
give off carbonic oxide. 

Alkaline earthy oxalates leave a carbonate, together with some 
causHc base, if a strong heat be applied, and give Off 00 and CO*. 
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OXALIC ACID. 



Oxalates oontaining metallic hoses which do not form carbonateSy 
or the carbonates of which are decomposed by heat, break np into 
metallic oxides, and give off eqnal volnmes of CO and COs, or into 
metaly as for instance argentic oxalate, giving off C0«. 



REACTIONS IK THB WKT WAY. 



Tcr ^ f COAmo 

We employ A solution op ammonic oxalate, < #;oAmo* 

Oxalates are either soluble in water, e.^., the alkaline oxalates and 
a few metallic oxalates ; or insoluble in water, but soluble in adds. 
CaCl,(SO,Cao" or CoHot) precipitates even firom very dilute 

aolniioiiB white ptdverulentemltLeojKMimtty \ ^QCao", readily soluble 

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic 
acid, and in potassic or ammonic hydrate. Heat promotes the pre- 
cipitation from very dilute solutions. This constitutes one of the 
most delicate reactions for oxalic acid. 

BaCls gives from solutions of neutral oxalates a white precipitate 

of baHe oxalate, < ^QBao" + Aq, soluble in oxalic add, readily 

soluble in hydrochloric or nitric acid. 

If OaAgo produces a white precipitate of aiveatle •xalatCy 

\ COA^' soluble in dilute nitric add and in ammonic hydrate. 

Concentrated sulphuric acid decomposes oxalic acid or oxalates, 
on the appUcation of a gentle heat (Pig. 90), into CO and C0„ 



Of 




Fio. 90. 

without blackening, by withdrawing from the molecule of oxatyl a 
molecille of OHs. The gaseous mixture is pasned through a wash- 
bottle containing caustic soda or lime-water, and the carbonic oxide 
gas is collected over water. The gas bums with a hhie flame. 
(Usual method fob pbepabino cabbonic oxide.) 

Oxalic add, or oxalates in the presence of free mineral adds, act 
as reducing agents. 
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lOfl IB reduced or deoxidized.— Treat a little black oxide of manganese and 
oxalic acid or an oxalate with a few drops of concentrated snlphurio add. 
Effervescence ensues. The gas which escapes is carbonic anhydride, thus : — 

^I^Of + I QQ^l + 2SOsHos - 2O0s + SOsMno'' + SO9K0, + 20H,. 

A solution of gold, AuClg, is reduced to metallic gold, thus : — 

2Auq, - s/ 2oHo ^ ^^» "*■ ^"« "*■ ^^^• 
Potassic permanganate is speedilj reduced (decolorized). 

QUESTIONS AND EXERCISES. 

1. How is oxalic acid obtained P Describe shortly its properties. 

2. What changes does oxalic acid undergo, 1st, upon ignition ; 2nd, upon heating 

with bOsHos; Srd, upon treatment with SO1H03 and BEnOf or 

OrtOfEos ; 4th, in contact with AuCls P 
8. How would you distinguish calcic oxalate £rom calcic carbonate, fluoride, 

borate or phosphate P 
4. What takes place when potassic, argentic, calcic or zinde oxalate is ignited 

by itself P 
6. How would you prepare pure carbonic oxide gas firom sodic oxalate P 

6. Why is oxaJie acid decomposed by concentrated sulphuric acid ahnost 

without any blackening P 

7. Calculate how much SniOs is contained in a sample of black manganic 

oxide, 2*2 grms. of whidi, when treated with i qqv^ wad SOsHoa, 

yielded 1*662 grm. of OOj. 

8. The calcic salts in one litre of water are precipitated with amnionic oxalate. 

The predpitate yidds upon ignition 1*695 grm. of OOCao''. How much 
OaO does the water contain, Ist, per gallon, 2nd, per 100,000 parts P 



{COHo 
CHHo' »^o^^y TRot—lXbasie acid,— 
COHo 
Fonnd in grapes, tamarindB, pine-apples and several other frnits in 
the form of hjdric potassic tartrate. The acid met with in oommerce 
is prepared m>m the tartar or argol, an impure hjdric potassic tar- 
trate, deposited from the grape jnice daring fermentation. The acid 
forms colonrless transparent crystals, yery solnble in water, both hot 
and cold, and solnble also in aicohol. "f he aqaeons solution under- 
goes gradual decomposition. 

REACTIONS IN THE DBT WAT. 

Tartaric acid is decomposed by heat giving off a peculiar odour^ 
resembling that of burnt sugar (caramel), and leaving a residue of 
carbon. Alkaline tartrates when heated in a test-tube, are decom- 
posed with evolution of inflammable gases, leaving a mixture of 
nnely-divided charcoal and carbonate (black flust)^ from which the 
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carbonate may be extracted by water. The carbonaceous residne 
left upon igniting alkaline earthy tartrates contains an insoluble 
carbonate, and effervesces when treated with dilute hydrochloric 
acid. Tartrates of the heavy metals also undergo decomposition, 
accompanied by the characteristic odour of burnt sugar, and leave 
much carbon mixed with metallic oxide or metal. 

EEACTIONS IN THE WET WAY. 

We employ a solution op tartaric acid, and for some reactions a 
SOLUTION OF A NORMAL SALT (Bochelle salt, or potassic sodic tartrate). 

The aXkaUne tartrates are soluble in water, the acid salts less so 
than the neutral tartrates. The normal tartrates of the alkaline earthy 
bases, of the earths and heavy metals, are dijfficiUtly solvhle in waier, but 
dissolve readily in dilute tartaric acid. Alkalies fail to precipitate 
double tartrates, readily soluble in water, containing an alkaline 
and metallic base. Hence the presence of tartaric acid serves to 
prevent the precipitation of FCaOs, CrtOs, AlsOa, ZnO, If 10, CoO, 
BEnO, CuO, FbO, BIsOs, PtOs or CdO; whilst some other 
substance, e.g,, POH03, if present, may be precipitated from an 
alkaline solution. 

KOI (or some other potassium salt, especially the acetate) pro- 
duces in a solution of free tartaric acid a heavy white crystalline 

precipitate of liydrie potmsate tartrate, THoKo, readily soluble in 
mineral acids and in alkalies and alkaline carbonates, insoluble in 
acetic acid. The precipitation is accelerated by agitation. Alkalies 
dissolve the precipitate, forming a normal tartrate, soluble in water, 
firom which acetic acid reprecipitates the hydric potassic tartrate. 
CaHof added in excess precipitates free tartaric acid as a white 

calde tartrate. TOao". 

CaOls (but not S02Gao") precipitates from a solution of a 

normal tartrate, white calete tartrate (TOao", + 8 aq*)) soluble in 
acids, even tartaric acid, in ammonic salts (AmCl), but not in 
amnionic hydrate. The precipitate is soluble in cold potassic or sodic 
hydrate, which is nearly n*ee from carbonate, but is reprecipitated on 
boiUn^ as a gelatinous mass, which redissolves on cooling. 

If OaAgo produces from a solution of a normal tartrate (e.g., 
Bochelle salt) in the cold a white curdy precipitate of arsentte 

tartrate, T AgOj. On filtering and dissolving some of the precipitate 
off the filter with a little dilute ammonic hydrate, and heating the 
solution in a clean test-tube or flask during ten to twenty minutes 
in water, heated to about 66^ 0., the glass becomes coated with a 
fine silver mirror. (Oharacteristic reaction for tartaric acid.) 

AcsPbo" gives a white crystalline precipitate of plmnbte tartrate, 

TPbo", frx)m solutions of tartaric acid or its soluble salts. The 
precipitate is soluble in nitric acid and in ammonic hydrate ; the 
latter giving rise to the formation of plumbic ammonic tartrate, 
which cannot be precipitated by AmHo. 

Tartaric acid and ammonia dissolye SOaPbo". 
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Concentrated SOsHch decomposes tartaric acid, or ia tartrate, on 
heating, with eyolution of 80t, C02, and GO, and separation of 
carbon. 

QUESTIONS AND EXEBGISES. 

1. Detcribe some souroea of tartaric acid. 

2. Describe the decomposition -which tartaric acid and tartrates undergo upon 

ignition. 
8. What is the composition of hlaekJUuD ? 

4. Explain the solrent action of tartaric acid upon certain tartrates in the pre- 

sence of alkalies. 

5. How can tartaric acid be detected in the wet way P 

6. Qiye graphic formula for BocheUe salt, argentic and plumbic tartrates. 



rCHHo(COHo) __ 

OITRIC ACID, i CH (COHo) + 2 aq., or briefly CiHos.— 

ICH, (COHo) 
Tnhasic acid. — Obtained from orange or lemon-jnioe. Fonnd also 
in many other fruits. It forms colourless prismatic crystals, which 

Eossess a pnre and agreeable acid taste. They dissolve in cold and 
ot water, and in alcohol. The aqueous solution undergoes decom- 
position after a time. The citrates are very numerous, the acid 
forming, like phosphoric acid, three classes of salts by the replace- 
ment of one, two, or three atoms of hydroxyl by a corresponding 
amount of potassozyl, etc. 

REACTIONS IN THE DBT WAT. 

On heating citric acid, it loses first its water of crystallisation, 
then fuses, and is decomposed with disengagement of pnng^t and 
irritating acid fumes, leaving a less abundant carbonaceous residue 
than tartaric add. Alkaline and alkaline earthy citrates leave a 
carbonate upon ignition. 

REACTIONS IN THE WET WAY. 

We employ a solution op OiHos in water, or a solution of a 

NORMAL ALKALINE CITRATE. 

Potassic salts give no precipitate . 

CaHos gives no precipitate in the cold from a solution of citric 
acid, or of a neutral citrate ; but on heating, a white precipitate of 

ealelc dtnite, Gi2Cao"s is obtained. (Distinction between tartaric 
AND CITRIC ACID.) When both citric and tartaric acid are present, the 
precipitate produced by CaHoa, or CbCU in the cold is filtered off, 
and the clear filtrate boiled, when a further precipitate indicates 
citric acid. 

CaCl] produces no precipitate in the cold from an aqueous solu- 
tion of citric acid or a soluble citrate ; on boUing, however, a white 
precipitate of calcic citrate is obtained, if the solution be neutral, or- 
if it contain an excess of lime water or ammonic hydrate. This 
precipitate is insoluble in sodic or potassic hydrate, but soluble both 
in ammonic salts and in acids. 
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Argentic oitrate, dissolyed in amnionic hjdnte, does not form a 
mirror npon heating. Citric acid, like tartaric acid, prevents the 
precipitation of certain oxides of Ghx>npB III and IV, by oaostio 
alkalies, on accoont of the formation of solnble donble citrates, con- 
taining a metallic and alkali base. 

Concentrated snlphnric acid decomposes citric acid or citrates 
slowly. On cantionslj applying heat, CO and COi escape, at first 
withont any blackening of the liquid, but on boiling for some time, 
80s is eyolyed, and carbon separates. 

QUESTIONS AND BXXBGIBES. 

1. Whence is citric acid derired ? 

2. Describe the teste which distingaish citric firom tartaric acid. 
8. Giye graphic formula for citric add. 

4. How would you detect oxalic, tartaric, and dtric addB ccwiUuuwl in 

a liquid P 
6. Why does the presence of citrio or tartaric add prerent the precipitation of 

Al^Os or FeiOs by AmHo f 
8. How would jou sepai«te phosphoric add by predpitation with a magnetis 

•alt ttom a solution containing phosphates of Jd^\ Fe% and Mn^' F 
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PEACnCAL EXERCISES. 



In order to enable the analyst to acquire a thorongh maaterj 
over the reactions for bases and acids, some 25 to 30 simple sub- 
stances sbonld be analyzed by the aid of the snbioined analytical 
tables, and the results recorded in the manner shown in the Ap- 
pendix. The nature of these exercises will be sufficiently indicated 
Dy the following examples : — 

1. Crystallized magnesic sulphate (Epsom salts). 

2. Sodic sulphite. 

3. Saltpetre. 

4. Common sodic phosphate. 

5. Potassic iodide. 

6. Potassic oxalate. 

7. Citric acid. 

8. Calcic tartrate. 

9. Sodic acetate. 

10. Calcic phosphate. 

11. Dried green vitriol. 

12. Borax. 

Preliminary to the analysis of more complex bodies, a number of 
double salts or mixtures of salts containing one or two bases and 
one, two or more acids should be next examined, such as : — 

Ammonic ferrous sulphate. 

Common ammonium or potassium alum. 

Microcosmio salt. 

Potassic sodic tartrate (Bochelle salt). 

Dipotassic calcic forrocyanide. 

Potassic chlorate and potassic nitrate. 

Sodic chloride and potassic chlorate. 

Potassic oxalate and potassic carbonate. 

Ammonic chloride and sodic nitrate. 

Ammonic magnesic phosphate. 

Potassic bromide and iodide, and sodic chloride. 

Complex bodies should be examined systematically and the 
results carefuUy noted down in the analyst's laboratory book imme- 
diately they are made, and in the order indicated by the arrangement 
of the Analytical Tables. A careful preliminary examination in the 
dry way yields for the most part results which are decisive of the 
nature of the substance under examination. A few simple experi- 
ments are frequently sufficient to determine, in the case of simple 
salts, the nature of both base and acid, and in that of a compound 
substance, most bases and acids. Skill in blowpipe analysis is of 
paramount value in the analysis of well-defined minerals, as well as 
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PRACTICAL EXERCISES. 



of complex mixtureB. The student should, however, mvariably 
control the results obtained by an examination of the solid snl>- 
stance in the dry way W a most searching analysis in the wet way. 

The exercises should be progressive, and should at first consist 
of artificial mixtures of clearly-defined composition : and lastly, of 
complex bodies, such as minerals, alloys, colours, slags, renise- 
matter from various manufacturing processes, etc. 

The following mixtures or compound bodies may be taken as 
types of the 20 or 30 substances tliat should be examined in order 
to enable the student to acquire proficiency in qualitative analysis : — 



1. HAPbo", 
=gCl„ 
AmCl, 
COCao". 

2. CaCl,, 

SrCltb 
BaCl,. 

3. 



AmCl, 

iro,Ko. 

4 Ammonium alum. 
Chrome alum, 
Gkklena. 

5. Chrome iron ore. 

6. Type metal. 

7. Stourbridge fire-clay. 

8. CfrOaBao", 
Fe.O>, 
CaCl., 
Sulphur. 



9. BaCl,, 
POHoBao", 
f COKo, 
I COKo. 

10. Ammonium alum, 
Chrome alum, 
rOHoNaoi, 
Fe,0„ 

SiO,. 

11. COBao", 
P,0,Bao"„ 
SOaBao", 
NaCL 

12. Ultramarine. 

13. Ghxano. 

14. Coprolite. 

15. Material which has been used 

for purifying coal-gas. 

16. Alkali waste. 



TABLES 



lOS THl 



QUALITATIVE ANALYSIS 



o* 



SIMPLE AND COMPOUND SUBSTANCES, BOTH IN 

THE DRY AND WET WAY. 
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Sl(> EXAMINATION OF SUBSTANCES 



Examination of a Substanoe in thb Wet Wat. 

Ist. The 8vh8ta/nce tmder examination i$ a Uquid, — Examine it 
by means of well-prepared test-papers. The liqiiid is n&tdraZ, This 
ezcludes a large nnmber of stLbstanoes, since the greater proportion 
of normal salts of the metals possess an acid reaction. (Compare 
chapters XX and XXT, Part I.) The liqnid shows an aou2 
reaction. This may arise from a fi*ee acid, or from the presence 6f 
a normal salt having an acid re^u^on, or, lastly, from an acid salt. 
Or the solntion possesses an cUkaJme reaction, owing to the presence 
of a salt of alkaline reaction, of free alkaUes or alkaline earths, and 
of cyanides or sulphides of the alkalies or alkaline earthy metak. 

Evaporate a portion of the liqnid to dryness on a watch-glass or 
platinum foil. It leaves no residue, and may consist of pure water 
only; or it leaves a residue ; a larger portion of the liquid should 
then be evaporated to dryness in a porcelain dish and subjected to 
a preliminary examination in the diy way. 

2nd. The substamM under examination consists of a solid body. — If 
it occurs in large pieces, or in the form of a coarse powder, it should 
first be reduced by mechanical means to as fine a powder as possible. 
Natural silicates and other compounds which are decomposed with 
difficulty by acids, are finely powdered in an agate mortar and 
then levigated, i.e., stirred up repeatedly with water; the coarser 
particles of the powdered substance mil rapidly to the bottom, 
and the water holding the finer particles* in suspension can be 
poured off. The coarser particles must then be ground again, and 
made to pass through a fresh process of levigation, till the whole of 
the subs^Emce is obtained in an equally fine state of division. By 
allowing the water to stand for some time, the whole of the sua- 
pended particles fall to the bottom of the vessel, and can be separated 
by decantation and filtration. 

Ascertain whether the solid substance is wholly orpcurUy soluble 
in water. This is done by boiling about a g^ramme of it in distilled 
water, allowing the undissolved portion to subside before decanting 
the supernatant liquid, and treating the undissolved portion again 
with boiling water as long as anything is dissolved. A drop of the 
solution, when evaporated on a watdi-glass or on platinum foil, 
should leave a visible spot. 

The aqueous extract is set aside untQ the residue has in like 
manner been treated with acids. It should be tested with litmus- 
paper. 

The residue insohible in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. The undissolved 
portion is allowed to subside and the dear fluid decanted. This 
operation should be repeated several times, both with dilute and 
concentrated hydrochloric acid. Boiling with HCl generally dis- 
solves out whatever is soluble, and If 0|Ho has rarely to be resorted 
to. If an insoluble residue be left, treat with small quantities of 
aqua regia. Observe carefully what changes take place when the 
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snbstanoe is treated with acids, especiallj whether any and what 
gases are disengaged. 

The residtie insoluble in water cmd adds should be carefully 
washed with distilled water, filtered, dried, and then mixed with 
three to four times its weight of dry CONaot and COKob (^ion- 
mixture) and fased. The fusion is best performed in a platinum 
crucible, provided the insoluble residue does not contam any metals 
capable of forming alloys with platinum. This can be readily ascer- 
tamed by an examination of the residue in the dry way. 

It should be borne in mind that only babic, stbontic, calcic, 

ASTD PLUMBIC StTLPHATES ; PLUMBIC AND ABQENTIC CHLORIDBS ; SiOs, 
MABT SILICATES ; NATIYE OB IQNITED JiLlaOs AND ALUMINATES ; IQNITBD 

CTTtOs and FeiOs ; chrome iron ore ; SnOt (ignited or as tin- 
stone); IGNITED SbtOi (a few METAPHOSPHATES AND ARSENATES); 
CaFs, AND A FEW OTHER NATIVE FLUORIDES ; SULPHUR AND CARBON, are 

likely to be present in the residue. 

AgiFeCye and AgeFeaCyia, AgBr, Agl, and AgCy are decomposed 
into AgCl by boiling with aqua regia. 

Solutions 1 and 2 may be examined separately, or they may be 
mixed and examined together. A separate analysis of the aqueous 
and acid extracts becomes necessary only when it is intended to 
show how the adds and bases are combined in a compound body. 

The examination of a residue requiring fusion with alkaline car- 
bonates is invariably conducted separately. The fused mass 
is boiled with water and filtered ; the powder, insoluble in water, 
containing the base in the form of a carbonate (oxide or metal) is 
dissolved in HCl or ITOaHo. The aqueous extract is examined for 
acids, and the acid extract for basea, 

Alloys are dissolved in dilute or concentrated HCl, sometimes 
with the aid of platinum foil, or with the addition of a few crystals 
of potassic .chlorate and their solutions examined as usual. 

Cyanogen compounds are best destroyed by fusion in a porcelain 
crucible with 3 or 4 times their weight of a mixture of 8 parts of 
SOsAmoa and 1 part of ITOsAmo. The metals can then be detected 
in the residue in the usual manner. 

Semark. — ^In order to eoonomize time, the solution of a subttance shoidd be 
prepared at the same time as the examination in the dry waj is conducted, 
and whilst the separation into groups is effected by means of the sereral group- 
reaeents. The precipitates can then be well washed. Again, the time occupied 
in me eraporation of the filtrate from Ghroup II, and in separating Fe'^ Cr*^, 
and Al^^ bj means of OOBao'' in Ghxmp m, may be employed in the examina- 
tion of the precipitate produced by HCl or SHj^ as well as in detecting the 
acids in the dry and wet way. 
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GENEBAL TABLE FOB THE 



To the greater portion of the origixud soliition add HCl, as 



The PSiozPXTATi may oontain— > 
FbOls, white 

(Note 2.) 
Examine by Table I. 



P^ 



The vnoBATE (Kote 8) ie largely 



The FBBOiFiTATE may contain— 

SffS, black 
PbS, „ 



«* 



JIA, 
OuS. „ 

OdS, yellow 



Insoluble in NaHo 
or SAms. 



SmS, 
8b,S.. 



brown 
yellow 
orange 

$9 

yellow 
black 



Soluble in NaHo 
or SAnit. 



Examine by GDable 11. 
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EXAMINATION OF BASES. 



long as a precipitate ia prodnoed, and heat gently. (Note 1.) 



dilated with water (Note 4), saturated with 8Hs, and gently heated (Note 6 and 6). 



Eraporate the vwcrate till free from SHt, then add a few drrae of oonoentiated VO3H0, and 
eyapoiate to complete dryness. If oxalates or organic matter (Note 7) be suspected (indicated 
by the blackening of the residue), heat to redness in a porcelain dish, but not otherwise. 
Treat the residue with a little concentrated HOI, add water and heat, when it dissolres either 
wholly or leayes a white residue of SiOs (Note 8). Test a small portion of the HOI solution 
with ammonic molybdate. 

(A.) Ifo preeipUale it obtained, POHos 1* mlisent. — ^Add AmOl, AmHO| and SAm^ to the 
remaining portion of the solution, heat to boiling, and filter quickly ; wash well with hot 
water contaming a little SAmf. 

(B.) A predpUaU ii obtained^ POHog la present. — ^Add AmOl and AmHo in slight excess to the 

remaining portion of the solution, heat ^ntly and filter quickly; wash well with hot 
water. To the filtrate add SAms to slight excess, heat to boilLig and filter. Wash 
with hot water containing a few drops of 8Am«, and examine filtrates tmder Qroup lY. 
Transfer the two precipitates to a porcelain dish, and digest with a little SAmg (Note 9). 
Filter off and wash welL Neglect filtrate (Note 10). 



(A.) 

The FBBOiPrrATi may con- 
tain — 

AlsHof, yellowidi-white, 

gelatinous. 
OrsHoe, bluish-green. 
FeS, black. 
ZnS, white. 
MnS, flesh-coloured. 
NIS, Uaek. 
OoS, 



n 



Examine by Table HI A. 



(B.) 

The FBBOIFIIATl 

tain— 



may oon- 



AlaHoe, ydlowish-white 

gelatinous. 
OrsHofl, bluish-green. 
FeS, black. 
ZbS , white. 
SbiS, flesh-cobuzed. 
VIS, bhwk. 
OoS, 
Together with the phosphates 

of (Or) and Al, as well as 

of uie alkaline earthy metals. 

mote 11.) 

Examine by Table m B. 



To the pnosATB from m A or 
ni B add AmHo and OOAmos, 
heat gently (Note 12) and filter. 



The FBBOIPITi.Tl 

may contain — 

OOBao'', white. 

OOSio", 

OOOao 



// 



n 
n 



Examine by 
Table lY. 



Solution may 
contain — 

ONa,. 

Examine by 
Table Y . 
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NOTBS TO GENERAL TABLE. 

I. In case the origiiial substance had to be dissolted in hydioohlario aeid 
SH] may be passed at onoe. 

9. In a BtttuTated solution o£a bario salt, HGl moduoes a white pxecmitate, 
soluble in hot water. From an alkaline solution HCl may precipitate BIH04 

(gelatinous), BHog, BzHo [and uric acid} crystalline, also 81hO« (amorphous). 
Metallin oxides, sudi as AljOs and metallic sulphides, su(^ as AsA, SbsSt, 
SbjSs, SnS, and 8ll)9ii which dissolve in KaHo or SAmt, may likewise be 
precipitated on the addition of HCl, and are best examined separately. 

8. If arsenic has been detected in the preliminary examination, this filtrate, 
which may contain pentad arsenic, should be boiled with a solution of SOHo], or 
SOHoAmo, then evaporated considerably to expel the SOj. Ba, Sr, and Pb, 
when present, may be precipitated either partly or wholly, as sulphates. The 
precipitate is best examined separately. 

4. Certain oxychlorides, 0.^., 'of J3i, Sb, or Sn, may be precipitated on the 
first addition of duute Hd or water, but are readily redtssolyed on the addituM 
of more acid, and on gently heating ; or the precipitate may be disregarded, sinoe 
8H3 readily oonverts the finely oUvided oxyomorides into the corresponding 
metaUio sulphides. 

6. SHf often pcodnoes merely a predpitation of sulphur, owing to the 
preeenoe of oxidizing agents, such as CI, Br, t, (SOHo^ VOHo), VOiMo, ClHo, 

{ OHo' { OHo' I OHo* *^^ OrOjHo,, or of ferric salts. This precipitate is 

easily distingmshed by its being white and remaining suspended in the solution. 

fFbCl 
It may be neglected altogether. A brick red precipitate of -< S sometimes 

[PbCl 
comes down from strongly acid (HCl) solutions^ if the solution baa not been 
sufficient diluted with water. 

6. 8Hs should be passed onoe more through the filtrate, to make sure of the 
complete precipitation of all the metals of Ghx>up II. 

7. Organic acids, 0^., THoj, CiHos, also sugar, eto., prevent the precipitation 
of AlsHo«, eto., in Group III. (Comp. p. 296!) 

8. It is possible that this SlOj may be mixed with other substances, e.^., 
AlgOg, Or^s» '^Os (rendered insoluble by strong ignition), SOsBao'', 
SO^ro'^ in which case it is necessaiy to examine it separately. 

9. If the 8 Am] were added simultaneously with the AmCl and AmHo, phos- 
phates of Fe, Mn, Zn, Ni, and Co would be decomposed into sulphides, wiUi 
imnation of POAmos, which might produce a precipitate of a phosphate of the 
^iVo-liTiA earthy bases, by acting upon salts of these basiss other than phosphates, or 
act as a solvent for other phosphates in the presence of AmHo. (Comp. 
p. 179.) 

10. This filtrate may contain POHos, a proof that a phosphate of the metals 
Fe, Zn, Mn, Ni, or Co was present in the original HCl solution, or, vice vend, 
that all these metals (or one or several of them) may be present. (Comp. 
p. 179.) 

II. Small quantities of borates and fluorides of the alkaline earthy metals 
may likewise he precipitated, toother with the alkaline earthy phospluktes, but 
need not be examined further, sinoe their bases will be detected in Oroup lY, 
and their acids on examining in the usual way for acids. 

12. The solution must not be boiled, sinoe the AmCl, by double decom- 
position, dissolves the alkaline earthy carbonates, forming chlorides and ammonio 
carbonate, which volatilizes with the aqueous vapour. 
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Table H.— SEPARATION OP 



TThe predpitate may oontaixi Bg^, PbS, 



ilA. CuB, OdS, SnS,'SnS„ S1»A> S1hS«, AiiA> 
Comp. p. 219.) Wash the precipitate until free from 



SanDUX. — ^Wash welli boil in a little oonoentrated IfOsHo until all action ceaeet. Dilute 
with water { add dilute SOjHos, as lona as a precipitate is produced ; allow to cool and add 
an equal bulk of alcohol (methylated) ; futer. 



SxBiDUB. — Boil in ammonio acetate : 
SOsPbo'' dissolTes; allow to cool 
and filter. 



BviDUB consists 
of BffS and 
S, or oiS only. 

Confirm by re- 
ducing the dried 
H^Q in a bulb- 
tube with dry 
OOKaO]. 

Metallio minor 
and globules. 

Freseaec of Hy. 

(as mercorioum.) 



SoLiTTioir.^Add 
OrOJBio^ yel- 
lowpredpitateof 
CrOsPbo''. 

PrcMiiee«fFb. 



SoLtmoN. — ^BoH off the alcohol, add excess of AmHo ; 
boU and filter. 



ThB FBadPITATl 

consists of 
BlHc^. Dii- 
solre in a few 
drops of dilute 
HCl I erapo- 
rate nearly to 
dryness and 
add water. 
MiUaness from 
BIOOL 

Presenec mt BL 



SoLTTTiOH. — ^Acidulate with HQ and 
pass SH] ; filter off and wash the 
precipitate with weak SHj water. 
Boil with dilute BOfiot and filter. 



Bbbidub. — Dis- 
solve in If OfHo ; 
add sli^t excess 
of AmJio, then 

OOTo,«^^ 
KiFeCy*. Brown 
predpitate of 
CusFeCye* 

Preaenee mt Co. 



{ 



SoLxmoK. — ^Add 
AmHo and 
pass SH]. Yel- 
low precipitate 
ofOdS. 

Ptmomc sf Cd. 



Jfofo L— CvS is somewhat soluble in SAmg and MgS in SNaj. It is thereibre advisable to 

If both OqS and S|pS an present dissolve in 
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THE METALS OF GROUP IT. 



(An and Pt mutt be tested for Bpeoially in a Bepazttte portion of th» filtrate from Gxoup I. 
HO; boil with NaHo, or SAmj and filter (Note 1). 

SoLUTXOir ma,j contain As, Sb, Sn (An and Pt) as snlpho-salte. Aoidulato with dilute hydro- 
chlorio add, AsA> Sb^s, and SnSa are repreoipitated. Filter and wash i digest with 
COHoAmo and filter. 



Bbsidub consists of SIlsSs and SnSa Dissolye in boiling 
HOL Introduce into a Marsh's apparatus in which 
hydrogen is generated by means of pure Zn and HCL 



SbHft comes oft Collect as 
metallic Sb on porcelain or 
glass and identify the de- 
posited metal (y means 
of OlNao or diy BlCI gas. 

Preaenee sf Sb. 



The BxsiDirB in the gene- 
rating flask consists of Zn 
andSn. 

Detach the precipitated Sn 
fiom the strips of cine; 
wash and dissolre in a 
little concentrated HCI by 
the aid of platinum-foiL 
Dilute with water, and add 
Bg^Clfl. A white precipi- 
tate of Bg^sCls or of grey 
metallic Hg is obtained. 

Prcaenec mt Sn. 



SoLvnoN contains ilg/fj 
Bepreoipitate by adding HCI. 
Confirm the presence of As 
by reducing with KCy and 
ClOKaos in a bulb-tube. 

Metallic mirror and garlio 
odour. 

Preaence •£ Aa» 



dissolye the precipitate in the absence of OaS with S Ams, and in the abaenoe of BffS with SNas. 
SAmi^ when a litUe OqS will be found in the solution. 
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Table HI A.— SEPARATION OF THE 



A. VOHoy is absent. — ^DiBsolve the precipitate from Group IIIa. in a little dilute HOI, with the 

is perceptible. Filter off Bulphur if neoeBBaiy. Keutralize Bolution with OOKaos; add 
poMible. Poor off the dear liquid ; throw the precipitate on a Alter and waeh witii hot water. 



SoLunoN. — ^Bemore BaClj by adding a few drop* of dilute SOsHoj ; boil, allow to lubeide, 
«nd Alter off SOiBao'^ JNearlj neutnliae the filtrate with OO^Tap^ and add pure NaHb, 
till the solution beoomee alValine ; boil and filter. 



The SoLimov may oon- 
taiB zinc as ZaNaOf. 
Add SHt. White 
precipitate of 2liS« 



•f 



The Pbscipitatb may contain MnHos, OoHos and VfHo|. Wash, 
dissolre in a little dilute HCl j nearly neutnJise with AmHo s add 



excessof lijQ^^l pa» a 
Tninntes through the solution and filter. 



ouirent 



The BoLmov 

as acetate. 
Add AmOl, AmHband 

SAnif. 
Hesh-col ogred preeipi* 

tateof MEnd. 

PreMi&ec mt Ma. 



BssiDTTB.— BissolTeinHdand/Q^o' ^'^'^^ 
neutraliae with OONaos; add a weak solu- 
tion of ILOj, so as just to redissolTe the 
predpitate mt produced. Boil briskly for 
some time, allow to cool (filter off any slight 
precipitate), and add a etrong sohmon of 
ClNao } allow to stand for some time in a 
wann pboe, as long, as a Uaok precipitate 
fimns, and filter. 



Pbboif. — IflsHoe. 
Ckmfirm by heating 
a small portion of 
it on a borax-bead 
before the blowpipe 
flame, 

A yellowish to sherry- 
red bead. 



•f HI. 



The aoLimoN con- 
tains the cobalt as 
K«00|0ti9. Erapo- 
rate to dryness, and 
test a little of the 
residue before the 
blowpipe fiame on a 
borax bead. 

A blue bead in both 



Preaenec mt Co. 
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METALS OF GROUP IIIa. 



addition of a few small oryBtala of "f a Ko* ^^^^ "^ ^ gentle lieat, as long as any chlorous odour 
GOBao'' and shake well. Allow to subside in a flask kept corked, to exclude the air as moBbaa 



Fkboifit atb. — ^DisBolTs in dilute H01| vemore JUtdc ^dilute SO»H!ob and filter. Nearly 
neutralize the filtrate with OOKaoj, and add pure NaHo (free from alumina) in excess and 
boil for a few minutes. 



Pbboipitatb. — ^Fuse with fusion-mixture and MO^Ko on ph^ 
tinum foiL Dissolye in hot water and filter. 



ItuBiDni.—BissolTe in diktfee SouraoVy yeUow. Oonfiim 



HCl and add E4Fe076- 
A precipitate of Fnxssian 
blue. 

Preaenee of Pa. 

Test the original HCl solu- 
tion specialr^for Fe^'andF^ 
by means of BKllsOfiKoi» 
in a hiehly dilute solution, 
as well as by means of 
E^eOyc, K«FesCyu» or 
PyAms. 



by adding {JoHo ^^ 



Yellow precipitate 
OrOjPbo". 



Prraenee wl Cr, 



of 



Test the original substance 
spedally for OFsOi aad 
OrOg, by boiling a small 

S^rtionwithOONaos. The 
trate contains the chro- 
mate, and the residue the 
OrsOg. The latter may be 
converted into a soluble 
^llr»]iii« ohromate by fusion 
with OONaos and XOsEo. 



SOLxmoir. — ^Acidulate with di- 
lute HOI and add AmHo 
in slight exoess. 

White gelatinous p ree i pi laie , 

Preaenee of AL 
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B* POHoi Is presMit* — DimoIto the precipitate in dilute HCl, with the addition of a &w eryBtalfl 

Filter off sulphur, if neoeerary (Note 1). Nearly nentralixe with a dilute solution of OOKaos I 
IB produced. Heat gently, and filter hot. 



SoLTTTioir. — ^Add Tmfil^ rNote 2), drop by drop, as long as a precipitate forms and till Ihe colour 
of the supernatant fluid becomes red. Digest for some time at a gentle heat { idlow to subside 
and filter hot. Wash with hot water. 



SOLunoir. — ^Add Amd, AmHo and SAmi. A black precipitate is 
. obtained. Filter. 



SoLXJTiov. — ^Add OOAmoi. 



A white FBSOIPITATB 

which may be^ 

OOBao'', 

€K)Sro", 

€K)Cao^ 
Examine by GTable lY 
(without, howerer, 
mixing it with the 
precipitate obtained 
in Group lY). 



SoLunoir may contam 

Mg. Add 
FOHoNaOf 
White crystalline pre* 

dpitate. 

Prewi&ee of My 

(as phosphate). 



Examine fbboipitatb 
according to Table 
IIlAforCo,Ni,Mn, 
Zn, Al and Cr. 

Test a portion of the 
original substance, 
dissolred in water or 
HO, for Fe'^ and 
Fe»^ 



The FBBOIPITATB con- 
sists of PflOjFeso^ 
and £Brric acetate. 
Neglect. 



Noie 1. — ^Test a portion of this hydrochloric acid solution with ammonic molybdate fyr 
Ca, Mg, were originally present, but only phosphates of Ni, Co, Mn, Zn and Fe, decompooable by 

Note 2w— If FeiCl« produces no further precipitate with a portion of the acetic add solution 
need be added to the main portion of the solution. ' 

Note 8.— Instead of fusing with SIO^ and OONao^ the presence of P/)tAlsO^ C/>iOr^^ 
with NaHo, which dissolTes ^fi^Al^T* and decomposes the lerric phosphatCi with formation of 
repredpitatod. 
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^^ j^ OEo* ^ iiecessaiy. Digest at a gentfe heat, aa long as anj chlorous odour is perceptible. 

iCIT r CSTT 

COXao "^^ \ COHo (^™P- I^eagents, Appendix I), as long as a precipitate 



The Prbcipitatb may consist of FjOjFeso^, PsOjAlao^ (Note 8), FjOjCtjo^. Dry on the 
filter. Fuse in a ]platinum crucible with SiO] and pure fusion mixture, together with a little 
If OjEo. Dissolre m hot water, add COAmos ; digest, allow to subside and filter. 



Bbsidub may consist of SIH04, SIsOgFeso'^, SlsOaAlao"^ and FOsHos. 
Acidulate with HOI ; evaporate to dryness and ignite gently. Extract 
with a few drops of concentrated HCl and hot water. Filter. 

1 


SoLunoir. — Add 
ioOHo "^ 

({g^O'^'x''' 

Yellow precipitate. 
Presence of CrOs, and 
therefore 


SoLiTTioir. — Nearly neutralize with CONaoj, and 
add pure Nailo in excess. Heat and filter. 


Bbsidub SiOs. 
Neglect. 


Besidub.— FOsHos. 
Confirm by dissolr- 
ing in HGl and 
adding GyAms. A 
blood-red colour. 

Presence of Fe 

(at phosphate) . 


SoLiTTiON. — ^Acidulate 
with dUute HCl and 
add AmHo in slight 
excess. 

A white gelatinous pre- 
cipitate. 

• 

Presenee of Al 

(as phosphate). 


Presence of Cr 

(as phosphate), 

A white precipitate of 
FjOsPbo'^s indicat- 
ing the presence of 
FOHoi, may be neg- 
lected. 



phosphoric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Ba, Sr, 
SAmj. Proceed, therefore, to examme the solution at once by Table IIIa. 

it is obyious that no phosphates of the alkaline earthy bases are left, in which case no ferric salt 

is rarely met with) may also be ascertained by boiling the precipitated phosphates of Fe and Al, 
FesHo(. Filter. Acidulate the filtrate with dilute HCl; add AmHo, when FaOiAljO"^ is 
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EXAMINATION FOR ACIDS. 

Before proceeding to the exajnination for acids, the analyst will 
do well to consider carefully which adds can possibly be combined 
with the bases present. A perosal of the Table of Solnbility of 
Salts, given in the Appendix, will materiaUy aid him, and will pro- 
bably save him mnch labour and time. 

Some acids are detected on examining for bases, viz., ASaOs, 
ASsOa, SiOj, and POH03, in combination with metals of Ghx)np III 
and IV, CrOjHoa, CO2, SH,, SOHoj, SSOHo,, ClHo, NOHo, 
the six lastly mentioned acids on dissolving the sabstance in dilute 
HCl, or on adding HGl in Gronp I. 

A care^ preliminary examination for acids will probably lead 

to the detection of a further number of adds, e.^., of HI, \ ^-aQ* 

^®"'' { OHo' "^ { OHo' *'0»S° (HOHo), HCl, (ClHo), HF, 

HCy, H4FeCy6, HeFe^Cyi,, CyHo and CyHs, { g^^^ and | ggg^. 

The presence of other organic adds is likewise indicated. When more 
than .one of these acids is present, the detection is somewhat more 
difficult, and the results obtained by a preliminary examination for 
adds require to be carefully confinned by the examination of the 
solution. Thus a chloride in the presence of a nitrate, when treated 
with concentrated SO2H02, evolves chlorine and red fumes of lower 
oxides of nitrogen, in the presence of a chromate, brownish-red fumes 
of CrOaCla. BgCls, BgsCla, or SnCU does not evolve HCl when 
treated with SOaHog. Sulphides, when treated with HCl, often 
evolve SHa, with separation of sulphur. SOa and SHi, when 
evolved simultaneously, destroy each other, etc. 

When the preliminary examination gives no distinct indication 
of the presence of any of the acids just mentioned, SOgHoa, BHoi, 
VOH03, SiOa will have to be looked for. 

The analyst will have to bear in mind that adds cannot be 
detected in tne same systematic order as bases, and that he ought, 
therefore, never to be satisfied till he has confirmed the presence of 
adds by the most characteristic special tests. 
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Pebparation op Solutions for Acids. 

Ghreat care ought to be bestowed upon the preparation of the 
Bolntions required for the examination of acids. On boiling a 
portion of the substance under examination with CONaos nearly all 
the metals, other than alkalies, are precipitated in the form of car- 
bonates, basic carbonates, or oxides. 

(It is neoeflsary to deoompofld the salts first in order to preyent the precipita- 
tion bj the seTeral reagents employed for the detection of acids in the wet waj, 
e.g., of Ba, Sr, Oa, or Fb, on the addition of SOsOao" or SOsMgo" ; of Ag, 
'H.^2 or Fb, by BaCls or ObX^2 ; of Fe and others bj AmHo, etc., etc.) 

The precipitate produced by CONaoa (which reagent ought to 
be added in the least possible excess) is filtered ofi*, and the filtrate 
tested with a few more drops of CONaoi. K no further precipi- 
tation takes place the solution is heated to boiling, and 

1. Dilute HCl added to a portion of it, as long as COa is evolved, 
and tUl the solation is rendered distinctly acid. 

(Small quantities of SOaNaos and NaCl are almost inyariably contained in 
the commercial CONaoa; it is therefore necessary to test a portion of the 
aqueous or HCl solution of the substance, prepared without the interyen- 
tion of COXaos, for SO3H02 by means of BaCla- A If O2H0 solution of the 
original substance is in like manner tested for HCl by adding If OfAgo.) 

2. Another portion of the alkaline filtrate is rendered acid by 
means of dilute If O3H0 and boiling. 

COH ' 

and lastly — 

4. A fourth portion of the alkaline solution is carefully neU" 
trcdized by first adding dilute 2f OaHo, drop by drop, and boiling, 
as long as CO3 is evolved and till the solution is distinctly acid to 
test-paper : then by adding a few drops of very dilute AmHo, till 
the solution gives a neutral reaction with blue and red litmus- 
papers. The strictest attention should be paid to these directions, and 
the least possible excess of either acid or alkali should be employed, 
since the precipitation of several acids is prevented by the forma- 
tion of an ammonic salt in anything like large quantities, on 
account of the formation of a soluble double salt, e.g., ammonic 
calcic tartrate, ammonic calcic citrate, etc., etc. 

K the preliminary examination for bases has shown the presence 
of ammonic salts, it is necessary to decompose them by boiling with 
caustic NaHo, before preparing Solution IV. 

Ebullition or fusion with CONao3 decomposes the phosphates of 
the alkaline earths but very imperfectly, and the phosphoric acid so 
combined is invariably detected by means of XHKoOaAmoa. (Comp. 
Table III B.) 

If organic acids are present in combination with heavy metals 
(viz., those of Ghroups I and IE), SHa should be passed through the 
slightly acid (HCl) solution and the precipitate filtered off. The 
solution is freed from SHa by boiling, then rendered slightly 
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aUcaline by means of a few drops of NaHo and tested by means of 
CaClj (ammonic salts should be carefully avoided). 

No further notice need be taken of the following acids : COa, 

SHt, SOj, HOHo, ClHo, < ^Qi[Q> since they can be detected with 

certainty by a preliminary examination, and as they would, for the 
most ps^, be lost on acidulating the solutions. 



Portion Acidulated with HCh 

lOaHoa. — On the addition of BaClj a white precipitate in- 
soluble on boiling. 
SiHo4. — On the addition of AmCl or COAmoa a gelatinous 
precipitate, requiring no ftirther confirmation, since 
SiOs is lefb on evaporating the filtrate from Group II 
with If O2H0. 
H^FeCys. — On the addition of FeaCU a deep blue precipitate. 

SOaFeo" light „ 
HaFcCyia.— „ n n dark deep „ „ 

„ „ FeaCU a brown coloration only. 

1£ both acids are present, filter ofi*, after adding 
FeaCle, and observe the colour of the filtrate. On the 
addition of SnCU or SOH03 to the filtrate a blue 
precipitate is immediately obtained, confirmatory of 
the presence of HeFejCyia. 
CyHs. — PeaCle produces a blood-red coloration, which is 
destroyed by BgCla and not by HCl (the red colour 

r CH 
which < cquq imparts to a solution of FeaCl« is 

destroyed by HCl). 
2HF, SIF4. — On the addition of BaCIa a gelatinous translucent 

precipitate of BaFziSi^i is obtained, which is decom- 
posed by strong acids. Confirm by heating the pre- 
cipitate, when volatile SIFa is given off. AmHo 
precipitates gelatinous SIH04 with formation of AmF, 
Baf'a and OH2. 

Portion Acidulated with NOaHo. 

HCl. — On the addition of If 0»Ago a white curdy precipitate, 
soluble in AmHo. For the distinction between hydro* 
chloric and chloric acids comp. p. 249. 

HBr. — On the addition of If OaAgo a yellowish-white pre- 
cipitate, difiicultly soluble in AmHo. Confirm by 
adding chlorine water to the original solution, and 
shake up with ether. Bromine dissolves to a yellowish- 
red liquid. 

Ytt • — On the addition of If OaAgo a white amorphous pre- 
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cipitate, little soluble in water and dilnte lFO|Ho» 
easily soluble in AmHo. — ^AgBr and < n a «o ^^^ ^ 

separated by washing witH water. Argentic bromate 
being soluble may be detected in the solution by the 
addition of SOHoa, when a precipitate of AgBr is 
obtained. 

For the distinction between HBr and HCl, oomp. page 
253. 
HI. — On the addition of IfOaAgo a yellow precipitate, 
scarcely soluble in AmHo. Confirm by the blue colour 
imparted to starch paste by the io<&ne liberated by 
NaOj gas. 

I OH '"^^ ^® addition of If OtAgo a white precipitate of 

\ g^k 9 insoluble in dilute If OsHo, soluble in AmHo 

(Agl is insoluble), whence Agl is precipitated on the 

{itfH 
COH ^ ^ ^^^^^ 
ture of an iodide and iodate the former is instantly 
decomposed, iodine being set free, — ^most readily recog- 
nized by the delicate iodide of starch reaction. 

Distinction between HCl and HI, — ^HCl in the pre- 
sence of HI cannot be distinguished in the same ready 
manner as HCl in the presence of HBr. The two 
acids are precipitated by If OsAgo. The precipitate 
is digested with AmHo and filtered, Agl being insoluble 
in AmHo. Dilute If OsHo reprecipitates white AgCl 
fix>m the filtrate. 

Distinction between HCl^ HBr and HI, — ^Precipitate 
the HI as CUals by means of SOaCuo" and 80»Feo" or 
SOHoa, and filter. Bemove the cupric and ferric salts 
by a little pure KHo, evaporate the filtrate to diyness, 
and examine for HCl and HBr by testing one portion 
for HCl with CraO^Koa and SOsHos, and anoUier for 
HBr by chlorine- water and ether. 
HCy. — On the addition of If O^Ago a white curdy precipi* 
tate soluble in AmHo and alkaline cyanides. 

In order to distingvish HCy in the presence of HCl, 
filter off precipitate, wash well and ignite in a porce- 
lain crucible to red heat. Dissolve the metallic Ag 
left by the decomposition of AgCy with a Httle hot 
IfOaHo, and test the dear solution with HCl. A 
curdy white precipitate indicates HCy. Confirm 
also by the reaction with ferroso-ferric salts, EHo and 
HCl in a fresh portion of the solution. 

Distinction between HGl, HBr, HI, a/nd HOy, — Test 
specially for HCy, before proceeding to the ezamina- 
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tion of the other acids as described, by treating a 
small qnantitj of the mixed salts in a porcelain dish 
with very dilute SOsHoa, and causing the evolved 
HCy to act upon a drop of If OaAgo, or a little SAm^, 
contained in a second porcelain dish, inverted over the 
one containing the mixed salts. A white precipitate 
of AgCy is obtained ; or the CyAms which is formed 
gives a blood-red colonr with ferric salts, affording 
equally conclusive evidence of the presence of HOy. 

CyHs "I 

H4FeCy« > are likewise precipitated on the addition of 

H^FcCyu J 

If OaAgo, and are insoluble in dilute If OsHo. The 
first and second form salts which are insoluble in 
AmHo, whilst Ag«FetGyi2 is readily soluble. These 
acids are, however, best detected in the portion acidu- 
lated with HCl. 

No other cyanogen compound but a cyanide gives 
off HCy when treated with very dilute 8O3H0S, and 
it is therefore possible, also, to distinguish HCy in 
the presence of CyHs, CyHo, HiFeCye, HeFe,Cyi,. 

HF. — On the addition of CaCls a white gelatinous preci- 
pitate. SOsHoa is likewise precipitated by CaCli in an 
acetic acid solution : it is therefore necessary invari- 
ably to test specially for HF, by etching on glass. 

I COHo' — ^^ ^^ addition of SOaCao" a white precipitate of 

{CO 
^qCso" is obtained, which on ignition leaves 

COCao", soluble with effervescence in j #«qp;q* (Cal- 
cic fluoride is not affected.) 
CrOaHoa. — On the addition of plumbic acetate a yellow pre- 
cipitate. 
POHos. — On the addition of FOaCle a yellowish- white gelatinouB 
precipitate from a solution of a soluble phosphate, or 
a phosphate decomposable by boiling with CONaoa. 
Areenic acid, if present, should be first removed by 
means of 8H2. 



Portion Rendered Neutral. 

Tno8.*-On the addition of CaCls a white precipitate, soluble 
in AmCl or cold Kilo. — SOaHoa, < f;OHo* ^^' 
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POHo„ A8OH03, 8H09, SiHoi, CO,, 80Ho„ are 
likewise precipitated by CaCla from a neutral Bolu- 

tioii, and TH03 can obyionslj be detected only by 
ftirther special tests in the presence of any of these 
acids. The most characteristic reaction consists in 

warming some TAgOa, dissolved in veir little dUute 
AmHo, in a water-ba,th, nntil a brignt mirror of 
metallic silver is obtained. 

GiHos. — On the addition of CaCla no precipitate is obtained, 
till excess of AmHo, or CaHos, has been added and 
the solution boUed. 

The detection of tartaric and citric acids — ^indi- 
cated during the preliminary examination by a strong 
odour of burnt sugar — requires great care and strict 
attention to the few points of distinction which exist 
between them. The precipitate produced by CaCU 
in the cold should be filtered off, and the filtrate tested 

for CiHos, by adding a drop of AmHo and boiling, 
when a fresh precipitate of calcic citrate is obtained. 

CiAgOs dissolved in dilute AmHo, forms a less lustrous 
mirror, and only after boiling for a long time. 

8Hos. — CaCli produces from a concentrated solution of a 
borate a whitish precipitate soluble in Am CI. 8H03 
is also indicated in the preliminary examination by 
the swelling up of some of its saline compounds, and 
the precipitation of a concentrated solution of a borate 
with concentrated 8O3H03 or HCl. 

More delicate, however, is the reaction which 
boric acid gives with turmeric paper, and the colour 
which boric fluoride imparts to the flame. (Comp. 

_ page 272 and 273.) 

BzHo. — On the addition of Fe2Gl6 a pale yellow precipitate. 
Confirm by the reactions which a benzoate gives in 
the preliminary examination, since a precipitate of 
F6|Hoe is frequently mistaken for ferric benzoate, 
owing to imperfect neutralization. 

StiHo). — On the addition of FOiCU a reddish brown pre- 
cipitate. 

For the distinction between benzoic <md succinic 
adds, compare page 293. 
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REAGENTS. 

SOLVENTS. 

Distilled Water.* 

Obtained by condensing steam by means of a tin worm. The 
first portions of the condensed water nsnallj contain carbonic anhy- 
dride and amnionic carbonate, and shonld be rejected. 

Impurities. — When evaporated in a platinum vessel, distilled 
water shoidd not leave a solid residue, either organic or mineral. 
SAms ought not to give a precipitate (Cu, Pb, Fe), neither ought basic 
plumbic acetate to cause a turbidity (CO%j COAmoa). No turbidity 
or precipitate should be produced, moreover, on the addition of 

COAmo (^"^®)» BaCla (sidphates), or HOaAgo (chlorides). 

Pure distilled water is colourless, inodorous, and taateless. 

Water used for Nessler's test should be specially distilled in a 
glass retort ¥rith a few pieces of caustic potash, and the distillate 
rejected as long as the Nessler solution indicates any ammonia. 

Alcohol (Methylated Spirit), CaHsHo or EtHo. 

Ordinary methylated spirit (t.6., ethylic alcohol, 90 p.c.^ mixed 
with 10 p.c. of wood spirit or methylic alcohol) may be employed for 
most purposes. It can be rendered absolute by shaking wiUi well 
dried potaasic carbonate and distilling the clear spirit in a flask or 
retort fi:t>m a water-bath. 

Impurities, — Commercial methylated spirit frequentlv leaves a 
residue on evaporation, if so, it should be rectified by distillation. 
It should not redden blue litmus paper. 



Ether, < O = OEt,. 



fCaH, 

^{o = 

ICaH. 



The ordinary ether (methylated, i.e., prepared from methylated 
alcohol) of commerce, is pure enough. 

* The asterisk marks the more important reagents. 
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ACIDB. 

Sulphuric Acid,* SOtHos. 

Common oil of vitriol maj be used in all operations with whicli 
its usnal impnrities (lead, arsenic, iron, lime, nitric add) do not 
interfere. Pure snlpHnric acid, free from arsenic, sHonld be employed 
for generating arsenietted or antimonietted hydrogen, and an acid 
free from le^, whenever this metal has to be precipitated as sulphate. 
Snlphnric acid, free from nitric acid and nitric peroxide, onght to 
be employed in testing for nitric acid by means of ferrous sulphate. 

ImpurUies, — Pure sulphuric acid shoidd be colourless, and leave 
no residue on evaporation in a porcelain dish. When a solution of 
ferrous sulphate is poured upon it in a narrow test-tube, it should 
not form a brown ring, where the two liquids come in contact 
(nitric acid and nitric peroxide), nor strike a blue colour when a highly 
diluted solution of the acid is added to a solution of pure potassic 
iodide and starch paste (nitric peroxide). The presence of arsenic 
is best ascertained by passing a current of 8H9 through the dilute 
acid, or by generating hydrogen from zinc free from arsenic, and 
passing the gas through an ignited combustion tube (Marsh's test, 
Fig. 83). Plumbic sidphate is frequently found in sulphuric acid, 
and is precipitated on diluting with water, being less soluble in 
dilute than in concentrated acid. Hydrochloric acid should cause 
,no turbidity (lead) where the two liqmds meet. 

The pure acid caii readily be bought now, and the student should 
not attempt to purify the crude acid. 

Dilute Sulphubic Acid.* 

Prepared by pouring slowly one part by measure of the concen- 
trated acid (sp. gr. 1'8) into five parts by measure of distilled water, 
with continuous stirring. Thin glass vessels (beakers) or a porce- 
lain dish should be employed, as much heat is evolved. Allow the 
plumbic sulphate to subside, and decant or syphon off the clear 
liquid. 

NiTBic Acid,* Aquafortis, HOsHo. 

Should be colourless, and leave no residue on evaporation in a 
•glass dish. 

ImpuriUes, — Sulphuric and hydrochloric acids. Dilute con- 
siderably, and test portions with baric nitrate and argentic nitrate. 

Dilute Nitbic Acid.* 

Prepared by diluting one part of pure commercial acid (sp. gr. 
1*38 to 1*45) with three parts of distilled water. 

Crude Niteio Acid.* 
May be employed for all experiments in which the above impu- 
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rities do not interfere, e.^., in tHe preparation of If 3O1 or IftOs by 
the action of nitric acid upon copper or arsenious anhydride. 

GoNGEirrBATED Htdroghlobig Acid,* Muriatic Acid, HCl. 

Should be colourless, and leave no residue on evaporation. 

ImpurUiea, — Ferric chloride, sulphurous and sulphuric acids, 
arsenic. The acid should not impart a blue colour to a solution of 
KI and starch paste (01 or FeiGU). On adding a few drops of a 
solution containing iodide of starch, the blue colour should not be 
destroyed (S0|). The dilute acid should remain clear on the addi- 
tion of a solution of BaCU (SOsHoa). Sulphuretted hydrogen, 
when passed through the dilute acid, should not produce a precipi- 
tate (arsenic), nor should ammonic sulphocyanate redden the diluted 
acid (iron). 

Dilute Htdbochlobic Acid.* 

Pure commercial acid, sp. gr. 1*16, is diluted with three times 
its bulk of distilled water. 

Cbude Htdbochlobic Acid.* 

Should be employed, whenever the impurities which it contains 
do not interfere with the object in view, as for instance in the pre- 
paration of chlorine from MCnOs. 

Aqua Bequ of Nitbohtdbochlobic Acid. 

Prepared, when required only, by mixing one part of concentrated 
nitric acid with three to four parts of hydrochloric acid. 

SuLPHxiBOtTS Acid, 8OH02. 

Prepared by acting with concentrated SOaHoi upon copper, and 
passing the gas into water. The solution should be kept in a well 
stoppered bottle. 

Cabbonic Acid Watsb. 

A solution is prepared by acting with HCl upon marble, and 
passing the evolved carbonic anhydride into water. 

ChLOBIKB WlTEB. 

A solution of chlorine in water is prepared as described, p. 46. 
It should be kept in a well stoppered bottle, and in a dark place, 
since, on exposure to light, it is speedily converted into HCl with 
evolution of oxygen. 

Acetic Acid,* < ^•Qg;^- 

Pure commercial acid of sp. gr. 1-04, diluted with one part of 
water may be used. It should leave no residue on evaporation. 
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ImjpunHes. — Sulphuric and hydrochloric acids, lead, copper, iron, 
lime. 

{COHo 
COHo 

A solution is prepared when required onlj, as the acid undergoes 
decomposition in an aqueous solution. One part hy weight of com- 
mercial tartaric acid of sufficient puHtj is dissolved in three parts of 
water (i.e., 1 grm. in 3 c.c. of water). 

ImpurUies, — Tartaric acid contains sometimes gypsum and calcic 

tartrate, which are best tested for by igniting a few crystals on 

platinum, extracting the residue, if any, with a few drops of dilute 

HCl, and adding to one portion 8aCl2, to another AmHo, and 

r COAmo 

\ COAmo. 



Oxalic Acid, (Sq^ • 



The commercial acid is sufficiently pure. It shoidd not leave 
more than a trace of a residue on ignition. 

Impurities, — Iron, potassic and sodic oxalates, lime. Dissolve 

one part by weight of the crystallized acid, < ^qtt 9 + 2 aq., ui 

ten parts by measure of water. 

Hydbopluobio Acid, HF. 

A solution stored up in a gutta-percha bottle is best bought, aa 
its preparation involves expensive apparatus. It should leave no 
fixed residue on evaporation to dryness. 

Hydbofluosilicic Acid, 2HF,8iF4. 

A solution of this acid in water is prepared, as described, p. 262« 
It should be made sufficiently strong to precipitate a soluble baric 
salt readily. 

Impuriii^, — Owing to the mode of preparation the acid is often 
contaminated with sulphuric acid. It should not produce a pre^ 
cipitate in a solution of a strontic salt (SOaHos). 

Hydbosulphubic Acid, 8H3. 

Prepared, when required, as described, p. 41. In well appointed 
laboi-atories sulphuretted hydrogen is now usually stored in a gas- 
holder over oil, and supplied like coal gas from small taps in closets - 
connected with the chimney. The gas, whether obtained from a 
generating flask (Fig. 38), or from a gas-holder, should invariably 
b^ passed through a wash-bottle containing water. A saturated 
solution of 8H2 in water answers most purposes of the analyst. It 
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slionld be kept in a well-etoppered botUe, since snlphnretted Hydrogen 
decomposes rapidly wHen in contact with air, with formation of 
snlphnric acid and precipitation of white snlphnr. 

K tHe gas be reqnii'ed entirely free from JUmB^, it sHonld be 
generated by acting with pnre HGl (concentrated) npon native 
grey a/nUmon/y^ SbaSs. 

BASES AND METALS. 

PoTASSic Hydrate,* EHo, ob Sodic Htdratb, NaHo. 

Usnallj obtained in commerce in the form of sticks or Inmps, 
which may be dissolved in twenty parts of water. 

InypurUiea, — Silica, cJmnina, phosphoric, sulphuric, and hydro- 
chloric acids (sulphates and chlorides, often in not inconsider- 
able quantities), and carbonic acid. On dissolving in water, and 
allowing the suspended matter to subside, the clear solution may be 
syphoned off. 

Pure sodic hydrate is indispensable for the separation of alumina 
from the oxides of iron and chromium. 

Amhonig Hydrate,* AmHo. 

The Uquor anmtonuB of commerce, sp. gr. *88, is diluted with dis- 
tilled water till the liquid has a sp. gr. of '96 = 10 per cent, of 
NH,. 

Impurities, — ^A solution of ammonia should be colourless; dn 
neutndizing with pure HCl it should remain inodorous. When 
evaporated in a glass dish, it should not leave any residue. Am- 
monia contains frequently traces of sulphuric and hydrochloric 
acids, and sometimes not inconsiderable quantities of ammonic car- 
bonate, when it produces a white precipitate on the addition of 
lime water. 

Baric Hydrate,* BaHos. 

Obtained by dissolving in a stoppered bottle one part of crystal- 
lized baric hydrate, 8aHo2 + 8aq, in twenty parts or water. Allow 
to subside and syphon off into another well-stoppered bottle. 

Impurities. — The solution commonly called oaryta^^ffoter should, 
on precipitating with pure SOaHo^, give a filtrate which leaves no 
fixed residue on evaporating to dryness in a platinum vessel. 

Calcic Hydrate,* GaHos. 

Freshly slaked lime in powder is used in qualitative analysis, as 
well as a solution of lime, so-called lims-water. This is prepared by 
dissolving in cold distilled water some freshly slaked lime, allowing 
to subside in a stoppered bottle, and syphoning off the clear liquid 
into another bottle. Lime-water contains about 1 part of lime dis- 
solved in 600 of water. 
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Ammonic Sulphide,* SAmj. 

Prepared by satnratiiig three parts of ammonic Hydrate with 
SHi gas, whereby SHAm is formed. On diluting this solution of 
hydric ammonic sulphide with two parts of ammonic hydrate, a snl- 
phide is obtained which contains a little free ammonia. The con- 
centrated solution may be diluted with ten times its bulk of water. 
It should be kept in well-stoppered bottles. Calcic or magnesic 
salts should not be precipitated ; nor should the solution leave a 
residue on evaporation and ignition. The oxygen of the air decom- 
poses it gradually into If HsyOHi and yellow SSAmi. 

Yellow Ammonic Sulphide, SSAm^. 

Used for the solution and conversion of SllS into SnSs. It may 
be prepared by digesting the neutral SAm^ with flowers of sulphur 
and filtering the liquid. 

SoDic Sulphide, SNat. 

Prepared by saturating one portion of a solution of sodic hydrate 
with SHa, and adding to it the second portion. A little VeS, 
which is generally precipitated, is filtered off. The solution must 
be kept in a well-stoppered bottle. 

SALTS. 

• PoTASSiG Sulphate, SOsKoi. 

Dissolve one part of the commercial salt in twelve parts of 
water. 

PoTAssic Iodide, KI. 

The commercial salt is generally sufficiently pure. Dissolve in 
sixty parts of water. Pure KI should be free from iodate and car- 
bonate. It should not colour starch paste blue on the addition of 
dilute SOsHos. 

PoTASSic NrrEiTE, If OKo. 

Dissolve one part of the commercial salt in two parts of water, 
when required for use. 

PoTAssiG Ghromate, CrOsEoa* 

Dissolve the salt of commerce in ten parts of water. 
Impurities. — Sulphuric acid. The solution ought not to become 
turbid on the addition of dilute HCl and BaCla. 

DiPOTASSIC DiCHROMATE, CFsOftKoa. 

Purify the commercial salt by recrystallisation tUl it is free from 
SOgKos, and dissolve one part in ten of water. 
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PoTissic Mbtantimoniate, SbOtKo -f- 5aq. 

Prepared by deflagrating in a Hessian crucible one part of 
finely powderea antimony with fonr parts of saltpetre. Pour the 
fiised mass on a stone slab. Powder it, and boil with twelve parts 
of water for two or three hours, and filter, when a clear and neutral 
solution is obtained. KCl and AmCl should not precipitate it. 

PoTASsic Fbreoctanide,* KiFeCye, and Ferricyanidb, K«FesGyu. 

These salts can be purchased in a state of sufficient purity. They 
are dissolved, in smaU quantities at a time, in 12 parts of water. 

PoTASSic SuLPHOCTAK ATE, CyKs, or Ammonic Sulphoctanatb, CyAms. 

Dissolve in 10 parts of water. 

ImpurUieSy such as SOsHos, do not interfere with the reactions. 

SoDic Carbonate,* GONaot. 

Procure the 'pure salt, which shoidd be free fix>m sulphate 
and chloride. The solution should not give a precipitate, when 
treated with If OtHo and BSoOaAmos, and should not leave a residue, 
insoluble in water, on acidulating with pure HCl and evaporating to 
dryness (8102). 

Dissolve the dry salt in five parts of water. 

Htdrio Disodio Phosphate,* POHoNaot -h 12Aq. 

Becrystallize the commercial salt and dissolve one part of pure 
salt in ten parts of water. 

ImpuriUea, — Sulphate and Chloride. — ^Ammonic hydrate should 
not cause any turbidity on warming (alkaline earthy phosphates). 



SoDic Acetate, I ^r\yr -I- ^aq- 



The commercial salt generally contains sodic sulphate. If a pure 
salt cannot be procured, sodic acetate may be prepared by neutraliz- 
ing pure sodic carbonate with pure acetic acid. Dissolve the salt in 
ten parts of water. 

Sodic Acetate and Acetic Acid. 

water, and add 40 c.c. of concentrated < ^^ya • TY6b solution is 

used for the precipitation of ferric, aluminic and chromic phos- 
phates. 

z 2 
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Htdric Sodic Sulphite, SOHoNao. 

Dissolve one part of tHe salt in five parts of water. Hjdric 
amnionic snlpbite may frequently be used with greater advantage. 

SoDic Htposulphite, SSONaoa -f- 5aq. 

Readily procnrable in a pure state. Dissolve one part of the salt 
in forty parts of water. 

Sodic Hipochlobite, ClNao. 

Prepared by shaking np one part of bleaching powder, 
with ten parts of water, and adding a saturated solution of commer- 
cial sodic carbonate, as long as a precipitate is produced. Allow to 
subside, and syphon off. 

Ammonic Oxalate,* j cOAmo "*" ^' 

Purify the commercial salt by recrystallisation and dissolve one 
part in 24 parts of water. 

Impuriiies, — The salt shoidd leave no fixed residue on igpiition. 
SHs or SAms ought not to produce a turbidity or a precipitate. 

Ammonic Carbonate,* COAmos. 

Prepared by dissolving one part of the commercial sesquicarbo- 
nate, after scraping off from the lumps any foreign matter, in four 
parts of water and adding one part of strong ammonia solution. K 
a precipitate of FeiSoe be thrown down, it is allowed to subside, 
and the clear solution is syphoned off. 

ImpwrUieg. — Iron, lead, sulphuric and hydrochloric acids. The 
salt should volatilize completely and give no precipitates with 
BaCls or If O^Ago (after acididating with HGl or If OtHo respec- 
tively), also no precipitate with 8H3 or SAmj. 

Hydbic Ammonic Carbonate, COHoAmo. 

Obtained in colourless rhombic prisms, on passing COgto super- 
saturation into a concentrated solution of ammonia. The salt is 
employed for the separation of ASaSs from SbaSs and SnSa. A 
saturated solution is prepared when required. 

Ammonic Chlobibe,* AmCl. 

The commercial salt (sal-ammoniac) usually contains iron. 
Purify by adding to the solution a little ammonic hydrate. Allow 
the rerric hydrate to subside and neutralize the alkaline filtrate 
exactly with pure HOI. The salt should leave no fixed residue on 
ignition. Dissolve in five parts of water. 
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Ammonig Moltbdate, BSoOsAmoi. 

This salt may be pnrcliaBed. It is dissolved in siTong ammonia 
and allowed to stand for some time. A slight yellow precipitate 
containing ferric hydrate nsnally subsides. The clear fluid is ponred 
into concentrated If O2H0, till the molybdic acid which at first pre- 
cipitates is entirely redissolved. The nitric acid solution should 
remain colourless on boiling. A yellow precipitate indicates con- 
tamination with POHos, and the reagent shoidd not be used, till it 
remains clear on digesting. 

Ammonic Sulphate, SOsAmos. 

BecrystaUize the commercial salt from an ammoniacal solution 
in order to separate iron. Keep a saturated solution for use. 

Ammonic Nitrate, If OjAmo. 

The commercial salt is dissolved, when required, to a saturated 
solution. It should leave no residue when ignited on platinum. 

Baric Chloride,* BaCU + 2aq. 

The commercial salt is rarely pure enough, and not unfi^quently 
contains lead. It should not give a precipitate with 8H3 or SAm^, 
nor should a residue be left after precipitating the whole of the 
barium by pure SOaHos and evaporating the filtrate in a platinum 
crucible, rurify, if necessary, by passing a current of SHsi filter- 
ing and recrystallizing. Dissolve in ten parts of water. 



Baric Nitrate, Jfo^^"* 



Should not be precipitated by If OsAgo, as it is sometimes 
employed, instead of BaCli, in order to avoid introducing any 
chlorine into a solution. Pure baric acetate answers the same pur- 
pose. For other impurities, test as for 8aCl]. Dissolve one part 
m 15 parts of water. 

Baric Carbonate,* COBao." 

Prepared by precipitation of pure BaCls with GOAmoi and 
AmHo. Wash well tUl firee from Am CI ; stir up the precipitated 
COBao" with water to a thick creamy consistency, and keep it for 
use in a stoppered bottle. Shake up before using this reagent. 

Calcic Chloride,* CaCla -f- 6 aq. 

The commercial salt is dissolved in five parts of water. The 
solution should be neutral to test-papers, and i^ould not be precipi- 
tated by SAmt (iron). 
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. CA.LOIC Sulphate, SOtCao". 

A satorated solution is prepared bj repeatedly shaking np 
gypsmn (SOHoaCao" + aq.) with water, allowing to subside, and 
syphoning off the clear Kquid. 

Magnesio Sulphate. 

Dissolve the commercial salt (SOHosMgo" -h 6 aq.) (re- 
crystallized, if necessary), in ten parts of water. 

Ferbous Sulphate. 

The commercial salt (SOHoaFeo" + 6 aq.), is pure enough. 
Dissolve as required for use in ten parts of water. 

Febbig Chloride,* Fe2Cle. 

Prepared by dissolving freshly precipitated and well washed 
VesHOf in pure HCl, keeping the ferric hydrate in excess. Allow 
to cool, dilute with an equal bulk of water and filter. 

Plumbic Acetate,* ( 1 5^) Pbo". 
Dissolve the commercial salt in ten parts of water. 

Abgentic Nitbate^* If OaAgO. 

Prepared either from silver (pure), or from a silver alloy (a silver 
coin), by dissolving in pure If OsHo, and precipitation as AgCl. 
Filter off the cupric salt, and wash thoroughly with hot water ; 
transfer to a porcelain dish, and introduce clean strips of zinc. 
Collect the finely divided silver on a filter, wash thoroughly with hot 
water, acidulated with a little SOaHoj, and dissolve in If OsHo. 
Evaporate the solution to dryness, and fuse the residue gently. 
Dissolve in twenty parts of water. 

Mercubous Nitrate. 

Dissolve the crystals of the commercial salt ff n'^gto" + 2aq., 

in 20 parts of cold water, acidulated with 1*2 part of IfOiHo. 
Keep some metallic mercury in the filtered solution. 

Mercuric Chloride, BgCls. 

Dissolve the commercial corrosive sublimate in twenty parts of 
water. 

Nebsler's Solution. 

Dissolve 8'5 ttrms. of KI in 10 c.c. of water; next dissolve 
1*6 grm. of BgCli in 30 c.o. of water ; add the mercury solution 
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gradnallj, and with continaoiiB agitation to the solution of potassic 
iodide, nntil the precipitate ceases to be re-dissolved; then add 
60 c.c. of potassic hydrate and filter. Keep in a small bottle ont of 
contact with ammonia. 

This reagent is of great value for the detection of mere traces of 
ammonia. 

CuPRic Sulphate. 

The commercial salt (SOHosGuo" + 4 aq.) is purified by 
repeated crystallisation. Dissolve the crystals in ten parts of water. 
Impvrities. — ^Iron, zinc. 

GuPBio Chlobide, CuCla. 
Prepared by dissolving cupric oxide in HCl. 

Cuprous Chloride, 'Ca'sCli. 
Obtained by digesting CuCla with metallic copper and HCl. 

Stannous Chloride, SnClt. 

Prepared by boiling pure granulated tin in concentrated HCl, 
with the aid of a piece of platinum foil. Dilute with four 
volumes of water, acidulated with HCl. Keep the filtered solu- 
tion over granulated tin in a small stoppered bottle. 

AuRio Chloride, AuCIa. 

Prepared by dissolving pure gold in aqua regia, evaporating to 
dryness on a water-bath, and dissolving in water. 

Platinic Chloride, PtCl*. 

Dissolve some platinum scraps in aqua regia. Precipitate with 
AmCl. Collect precipitate on a Swedish filter paper ; wash with 
strong alcohol;, dry and igmte in a porcelain crucible, gentJy at 
first, and lastly to intense redness. Bedissolve the spongy plati- 
num in aqua regia. Evaporate repeatedly to dryness on a wateov 
bath, with addition of HCL Dissolve in ten parts of water. Pure 
VtCU should dissolve completely in pure alcohol. 

METALS AND OXIDES. 

ZinCf free from arsenic, granidated, and in the form of strips. 

Iron (^8teel)j copper, Un, lead, platinv/m (used in the form of wire, 
bars, sheet, turnings) and mercury can be obtained of sufficient 
purity for the purposes of qualitative analysis. 

Metallic Lead free from Silver. 
Prepared by precipitation of plumbic acetate by metallic adnc. 



344 APPENDIX I. 

■ 

Plumbic Dioxide, VbOs. 

Beadilyprepared bj digesting red lead, VthOu in boiling dilate 
If OaHo. The brown powder is well washed bj decentation, and 
lastly on the filter. 

Manganic Oxide, BCnOs. 
Use the powdered commercial black oxide. 

Htdric Peroxide, O2H1, ob H02. 

A solution may be prepared by passing a current of carbonic 
anhydride through water m which baric peroxide, BaOa, is sus- 
pended. The precipitated COBao" is filtered off. 

Beagents used for Fnsions and for Blowpipe BeacUons, 

SoDic Carbonate,* CONaoa. 
Should be free from sulphate and chloride. 

Fusion Mixture* or White Flux. 

Consisting of dry GONaoi and COKos, mixed in the proportion 
of their combining weights, i.e., 106 + 138, or in the proportion of 
10 to 13. 

Pure carbonates free from silica, chlorides, and sulphates, should 
be procured, as their purification cannot be effected without using 
silver and platinum vessels. 

Black Fhix, — Prepared by igniting crystals of Bochelle salt 
(potassic sodic tartrate) in a platinum crucible. The residue 
consists of carbon and alkaline carbonates. 

Htdbic Ammonic Sodic Phosphate,* POHoAmoNao + 8 aq. 

(MiCROCOSMic Sai/t). 

The salt should be dried and used in the form of a powder. On 
being heated in a loop of platinum wire it is converted into 
rOaNao. 

P0TA8810 Cyanide,* KCy. 

Exceedingly useful for reducing metallic oxides and sulphides, 
either in the crucible or on charcoal. For blowpipe reactions a mixture 
of equi^ parts of KChr and CONaoz (or fusion mixture), is preferable, 
bec»ase it sinks readily into the charcoal and yields metallic globules 
of great purity. The preparation of KCy has been described 
page 273. For the separation of Ni and Co the salt is dissolved, 
when required, in twenty parts of cold water, as its aqueous solution 
is rapidly decomposed. 
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POTASSIC NiTEATB,* HOsKo. 

Used as an ozidizmg agent. The commercial salt should be 
purified by dissolving the crystals in hot water to a saturated solu- 
tion, and allowing to cool in a porcelain dish with continuooB 
stirring. The nitrate £Edls out first as a fine white powder, and the 
impurities, e.g.^ phosphate, sulphate, or chloride are lefl in the 
mother Hquor. 

PoTASsio Chlorate,* < ^^^^ 

This salt can readily be obtained pure, i.e., free firom chloride. 
Either by itself, or in conjunction with HGl, it serves as a powerful 
o^dizing agent. 

BoBAX,* B^OsNaoa + 10 aq. 

The crystals should be gently heated in a platinum crucible till 
the water of crystallisation has been driven on, and the mass kept 
powdered and ready for use in blowpipe reactions. 

Htdrig Potassig Sulphate, SOsHoKo. 

Prepared by heating in a platinum crucible 87 parts of SOaKos 
with 49 parts of pure SOaHos, till the clear mass fuses steadily. 
Pour out on a porcelain slab, and keep the lumps in a bottle. 

CoBALTOus Nitrate, jwq'Coo". 

Used in solution only. Should be free from other metals. 
Dissolve the commercial salt in ten parts of water. 

Vegetcible Colourmg Matters. — Test-papers, 

Litmus Solution (comp. p. 117). 

Thtrmeric Paper. — Prepared by digesting at a gentle heat one 
part of turmeric root with six parts of alcohol. Filter and soak 
strips of porous paper with the yellow extract. The dried papers 
should exhibit a fine yellow tint. Like litmus-papers they serve for 
the detection of free alkalies. All test-papers should be kept in 
well-stoppered bottles or wooden boxes. 

Indigo Solution. — Prepared by gradually stirring four to six 
parts o£Juming SO»Hoi into one part of finely divided indigo, and 
allowing the mixture to stand for 48 hours, before pouring it into 
20 parts of water. Filter and keep for use in a ds^k place. The 

solution of indigo is used for detecting IFOsHo, j |^tt > &iid free 

chlorine, owing to the formation of products of oxidation of yellow 
colour. 
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iodide . . . . 194, 256 
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Ferricaoetate 290 
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Ferricyanogen .. ... .. 276 

FerrocyaTiides 279 
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Fire-damp 290 
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„ decomposed by sulphu- 
ric acid. . .. .. .. 261 
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G^ypsum . • • < « • 

H. 

Hair nickel .. «< <• 161 
Halogen, etymcdogy of » • . < 48 
Halogens . • • • • i n 48 

Haloid salts 77 

Hartshorn, spirit of 4 • • • 89 
Hausmannite •• •• •• 156 

Heavy metals • • < . • . 83 
Heavy spar . . . • « • 143 
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„ ore, brown 164 

„ „ needle 164 

„ „ spathic or spany . . 168 

„ ores 163 

„ passire state of . • . , 86 

„ potassium alum . . , • 121 
„ pyrites .• .. 40,164 

„ rusting of .. .. .. 128 

„ specular .. .. ., 164 

„ sulphate, action of heat on 233 

„ sulphide, preparation of • • 40 

-ite, use of the termixial • . 77 . 



J. 



Jamesonite 
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Kaolin 270 
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L. 

LanarUte 226 

Latent atomicity. • . . . • 60 

Laughing gas « 84 

„ „ prepamtion of .. 90 

ft »f p]x>peitie0 of • • 90 

Law of multipk proportionB . . 87 

„ Yolomet.. .. .. 87 

Lead 188,226 

„ action of sulphuric acid on 76 

„ argentiferous .. .. 223 

„ blowpipe test for . . . . 226 
„ di* and tetratomic nature 

of 228 

Lead ore, red (minium) . . . • 228 

,, „ white 226 

„ spar 226 

„ sugar of 228 

„ Titrid 226 

LeadhiUite 226 

Length, measure of • . • . . 867 
Libethenite .... ..190 

Lichens, oolourinff matter from. . 8 

Light carburetted hydrogen . . 289 

Lime, caustic .. .. .. 146 

„ chloride of • . . . 260 

„ slaked 146 

„ stone .. .. •• 146 

„ water 887 

Limonite . . . . . . . . 164 

Liquor ammonisB. . .. .. 91 

List of dyads • . . . . . 60 

„ „ hexads • • • • ■ • 60 

„ „ monads .. .. .. 60 

„ „ pentads 60 

„ „ tetrads .. .. .. 60 

„ „ triads *• .. •• 60 

Litharge .. 228 

Litmus 8,117 

M paper • • • . . . 8 

Litre 869 

Lunar caustic • • • • • • 86 

M. 

Magnesia . . . • . . . . 9 

alba 181 

Magneeic ammonic phosphate . . 142 

„ borate (boracite) . . 141 

„ carbonate (magnesite) 141 

„ chloride - • . . • • 141 

„ hydrate (brucite) . . 141 

„ oxide (periclase) .. 141 

„ phosphate (wagnerite) 141 

„ silicate (peridote) . • 141 

„ sulfate (epeomite) .. 141 
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Magnesite .. * •• .. 141 

Magnesium .. ., .« 141 

„ action on water . • 1 

„ blowpipe test for , . 141 

I, burning in air . . 9 

„ double carbonate of, 

and calcium (dolomite) . . 141 

Magnesium, double carbonate of, 

and iron (meeitine spar) . . 141 

Magnesium, occurrence in nature 141 

„ reactions of . . . • 141 

„ silicates of , . . . 141 

Magnesoxyl .. ,. .. 66 

Magnetic iron ore . . . . 164 

M ' ' n pyrites . • . . 164 
Malachite .. .. 119,190 

Manganates .. 168 

Manganate, sodic . . . . 157 

Manganese .. .. .. 166 

„ blende .. •• 156 

„ blowpipe test for . . 156 

„ dyad, tetrad, hexad, 

and pseudo-octad nature of . . 158 

Manganese, hydrated dioxide of 168 

„ oxides. . . • . . 156 

Manganic acid . . . • . . 158 

„ oxide . . . . 166, 158 

Manganite .. .. .. 156 

Mangan Kiesel • • . . . . 166 

Manganous carbonate . . . • 168 

„ chloride .. .. 157 

„ cyanide . • • • 168 

„ hydrate .. ., 167 

„ oxide .. .. 167 

„ salts, spontaneous 

oxidation of . . . . . . 157 

Manganous sulphate . • . . 159 

„ sulphide * .. .. 157 

Marble 146 

Marks of atomicity . . 68 

Marriotte and Boyle's law . , 36 

Marshgas 289 

„ preparation of ' . . 289 

„ properties of .. .. 290 

Marsh's test for arsenic. . . . 213 

Martial pyrites* or mundio . . 164 

Measures of capacity , . . . 859 

„ „ length . • . . 857 

„ „ surface . . • . 858 

ff » weight . • . . 860 

Meerschaum .. .. .. 141 

Mendipite .. *. .. 226 

Mercuramide .. .. .. 186 

Mercurammonic chloride 187, 229 

Mercuric chloride . . . . 186 

„ chloro-sulphide .. 186 

„ * cyanide ■ • • • 187 
„ iodide.. .. 187,256 
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Mercuric nitrate . t •• «# 186 

„ oxide 186 

„ „ preparation of 

oxygen from . « < * . . 6 

Mercuric sulphide , • . • 186 

MercurouB and mercuric salts . . 185 

McrcurouB chlorides . . 187, 229 

„ cobalticjanide »• 156 

„ iodide ,, ,. 256 

„ nitrate •• 186,229 

„ oxide ,. 186,229 

,, sulphide «, .. 229 

„ „ and nitrate 229 

Merouzj rmercuricum) . • , . 184 

„ (mercurosum) . , #• 229 

,, and sulphur . • • • 40 

„ atomicity of . . • • 186 

„ basic chromate of » • 178 

„ blowpipe test for . • 186 

„ deposited on copper . . 230 

„ double chloride and 

sulphide of . . . . . . 186 

Mercury, extraction from its ores 185 

„ sulphide (cinnabar) 40, 184 

Mesitine spar • • • • • • 141 

Metaboric acid . • . , » • 102 
Metal, definition of • • . • 17 
Metallic hydrates, action of sul« 
phuric acid on . « . • 76 

Metallic oxides 122 

„ „ action of hydro- 

(diloric acid upon • . . . 69 
Metallic oxides, action of moist 

atmosphere upon • • . • 123 
Metallic oxides, action of sul- 
phuric acid on. . . , • . 76 
Metallic oxides, reduction of by 

carbon . . 125 

Metallic oxides, reduction of by 

hydrogen , 125 

Metalloids, classification of • • 88 
„ distinction of from 

metals 17 

Metalloxyls 65 

Metals, action of hydroohlorio 

acid on 60, 71 

Metals, action of nitric add on 84 
„ „ sulphuric acid 

on •• •• ,. •• 75 
Metals, analytical classification 

of ., 136 

Metals, classification o^ into 

light and heavy , . . . 3d 
Metals, classification of, accord- 
ing to their power of combin- 
ing with oxygen, and decom- 
posing water 124 

Metantimoniates .. .• 202 
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Metantimonic acid . • . . 202 

Metantimonious acid .. ■• 202 

Metantimonites • • . • • • • ^^ 
Metaphosphoric acid , • , 96, 266 

MetasulphantimonitM •• •• 183 
Metasulphantimonite, sulphar- 

gentip, 201 

Metasulphantimonite, sulpbopo- 

tassic .. x^ •• •• 183 
Metasulphantuponite, trisulpho- 

plumbic ,• .. •« 183 

Metarsepic acid . • , « • • 101 
Metasta^nic acid , • 84, 198 

Methyl .. ., ,. ., 287 

Methylated spirit . • • . 196 

Metre , .. 857 

Mica .. , 260 

Micaceous iron ore • . t • 164 

Microcosmic salt i • • . 97 

„ „ as i( flux ,. 110 

Millerite 151 

Mimetesite 206 

Minium.* «• •• •• ^^ 
Mispickel ., 100,164,205 

Moaes of chemical action . , 122 
Moist atmosphere, action of upon 

metals .. •« »n 123 
Moist atmosphere, action of upon 

lower oxides and hydrates . « 123 
Molecular combination or union, 
how expressed in chemical no- 
tation .. .. «« •• 120 
Molecular formuUs . . . . 35 
„ „ of oxides of 
chlorine .. •• •• 72 
Molecular forqiulae of oxides of 

nitrogen .. •• ,. 85 

Moleci^ Tolumcs • • , . 35 

„ weight .. *• 35 

Molecule, definition of • • • • 31 

„ of water . . • . 34 

Monad compound radicals • . 65 

„ elements, list gf. • 66, 60 

Monads .. .. *• •• 66 

Monatomic elements . . . . 66 

Monovalentio, explanation of 

term .. •• •• •> 56 
Mother liquor . , . • 48, 114 

Mountain blue, or copper acure 190 

Multiple propcoiioBs . • « • 36 

„ „ law of., .. 37 

Mundio •• ,. *^ .. 164 

Muriatic add «• #• •• 69 
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Nascent stale 
Natire soda 
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Natrium •• •• •• •• 9 

KeedleironoK •• •• •# 164 

I, ore .. •• •• 188 

Kegatiye electrode • • # » 26 

„ elements »• •• 88 
Kessler's test for traoeB of am" 

monia • >i 140 

yeutralizatioiti OTplanation of 

term • .« 70 

Kiokel .. .. At «• 161 

ff arsenical * « • ■ • • 161 

I, blowpipe test for • • 161 

I, glance •• .. 161,206 

I, ochre .. .. 151,206 

„ separation from oobalt • • 164 

KiclEelic oxide • i • « « * 162 

Nickelous cyanide . • • • 162 

ff hjdrate •• •• 162 

II oxide • • i « « • 162 

„ sulphide «• •• 162 

JTitrates « .. 80 

„ decomposition 1^ beat 241 

I, detection of, in the pre^ 

aence of chlorates and chlo^ 

rides .. «. .. .< 249 

Kitrates, detection of, in water. • 242 

I, occuirenoe in nature . « 78 

Kitre 78,188 

f, cubic «• *« «« 78 
Nitric acid •• .. 81,241 

,> action on carbon • • 84 
„ „ hydrochlo* 

ric acid. • . * • « * • 242 

Nitric acid, action cm iodine.. 86 
„ „ metaUio 

sulphides «« •• *» 84 

Nitric acid, action on metaU.. 84 
„ « organic 

matter .. •• »• #« 86 
Nitric acid, action on phos« 

jphorus.. 0» •# •• 84 

Nitric add, action on sulphur «• 84 

„ „ „ rino .. 89 
Nitric and nitrous acids, distinc* 

tion between . . . • • « 246 
Nitric and nitrous adds, cause of 

colour .. «• *t .. 79 
Nitric adds and nitrous, deoom« 

posed by heat « • • « . « 79 
Nitric and nitrous adds, frsa, de- 
tection of 243 

Nitric and nitrons acids, mole< 

culor formula of .« «« 79 
Nitric and nitrous acids, prepsr*' 

tion of, on a small scale «« 78 

Nitric anhydride. • • . • • 79 
„ „ eompontion 

by volume . . . . • • B6 
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Nitric ol{d# ti ft t« 89 

action of air on • • 67 
composition of^ by 

Tolume and by weight • • 85 
Nitric oxide, pure, preparation 

of .« II i# •• 88 

Nitric peroxide' • « • # • • 80 

„ „ composition of, 

by Yolume and by weight • « 85 

Nitrites .1 .. .. 81,244 

„ action of heat upon • • 844 

„ solubility of •» •• 844 

Nitrogen * 8 

^, etymology of »• •• 8 

„ fimotion in air « • 17 

„ preparation of| from air 7 

,, properties of . • • « 11 

Nitro-hyairoailoric add« « #« 9C 

Nitrous add « * « • 81, 244 

„ „ action on hydro* 

sulphuric acid. « . . • « Mt 

Nitrous acid, oxidising and reduil' 

ing action of . . • « 82, 244 

Nitrous anhydride . . 82, 244 

„ „ compositioil of, 

by Tolume and by weight . . 85 
Nitrous and nitric adds, distuic- 

tion between.. •. «« 245 

Nitrous oxide . * • • < « 84 
„ „ compontion of, by 

Tolume and by weight • • 85 
Nitrous oxide, preparation and 

properties of .« •• #• W 

Noble metals « « « • « « ll 

Non-metallic elements, list of • • 83 
Non-metals or metaUddsi dis' 

tinction of, from metals •• 17 

Notation, chemical #« •< 85 

„ graphic i* *• f® 

„ symbolio «« •« 57 

Normal ealts, definitiMi «f .#118 
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Oaofyitrlol •• 
Oligist iron ore • • 
Oohtic iron ox« • « 
Opal •• 

Organic adds, reactions of 
„ „ salts of, action 

heat upon . . • ^ 
Orpiment. • • « • « 
Orthantimonic add • • 
Orthoboric add . • • • 
Orthophosphorie add . s 

2 6 2 
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OrthoBboBpbQxic acidi etymology 

of 96 

Orthosulphantunonite .• .. 183 

•ouB, u«9 of the terminal • • 63 

Oxalates 293 

actiox^ of h^t upon . . 293 
Bi4pburic aoid 

on •• •• •• •• ««f4 

Oxalates as reducing agents • . 295 
„ oonverBion ipto cyano- 
gen 286 

Oxalates, detQQtion of in Ghroup 

III 3. 180 

Oxalates, neuti^ and add . . 293 

OxaUcacid 293 

„ ,, action on dipotassio 

diohT<^At« 172 

Oxalic acid, dibasic . • . . 293 

„ „ occurrence in nature 293 

Oxatyl 286 

Oxidation, by potassic perman- 
ganate • . . • • • . . 159 

Oxide, carbonic . . . . 289, 294 

nitric 83 

nitrous .• .* .. 84 

Oxides 17 

„ and sulphides, analogy 

between 182 

Oxides^ definition of . . . . 18 

„ of chlorine, table of . . 72 

„ . of nitrogen, table of . . 78 
„ „ as oxidizing 

wnt^ 78 

Oxides„ metalUe, action of hydro- 
chloric acid on . . . . 69 

Oxides, metallic, action of hydro- 

sulpUuric acid on . . . . 126 

Oxides,. ^etalUc, action of sul- 

phuriQ acid pxi. . . . • . 76 

Oxides^ pomei^Qlature of . . 68 

Oxides^ /eduction of by hydro- 
gen — by carbon . , . . 125 

Oxidizing agents, ferric salts as. . 168 

Oxygen . . . . . « . • 6 
„ combustion in . , • . 7, 13 
„ etymology of . . , , 7 
„ preparation of .. .. 6 
„ . . ,,. from dipo- 
tassio dichromate ... .. 159 

Oxygen, preparation of, from 

mercuric oxide ... . . 6 

Oxygen, preparation of, frxmi po- 
tassic chlorate. . . . . . 12 

Oxygen, properties of . . . . 7, 12 

„ . .proportion of, in water 26 

Oxybromides 251 

Oxyfluorides .. 260 

Oxy-salts, nomenclature of . . 77 
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Faracynnogea •• 274 

Passire .state of iron, . . . . 86 

Pea iron ore 164 

Pentad elements ^ 

Pentads 56 

Pentathionic aoid . • 236, 238 

PentaTalentic, explanation of 

term • • . •• • • •• 5o 

Perchlorate, potassic. . . . • 249 

Perchromic acid, delicate test for 178 

Periclase • • 141 

Peridote .. •• •• 141 

Periodates ... •• .* 259 

Perissads, etymology of . • • . 66 

Permanganate, .potasfio . . . • 158 

„ powerful 

oxidizing agent • • 159, 160 

Permanganic acid • • . • 158 

Peroxide of hydrogen •• •• 63 

„ . definition of . • « • 63 

Per, use of the prefix • • • . 63 

Pharmacolite 206 

Phosphates, action of heat upon 264 

Phosphites, „ „ „ 267 

„ „ nascent hy- 

droffen upon . • . . . • 267 

Phosphites, as. reduci^ig agents. . 267 

^ Phosphoretted hydrogen . . 99 

' Phosphoric acid, common 96, 264 

„. . „ metamonohydrio, 

or monobasic . • 

Phosphoric acid, monohydrated. . 

i» II pyro (tetrahydric 

or tetrabasic) . . 

Phosphoric acid, trihydrio or tii- 

basic. . . • . 
Phosphoric anhydride 
Phosphorocalcite 
Phosphorous acid 

„ . anhydride. , 

Phosphorus 

action of potash on 99 
combustion in oxy- 
gen and air . . . . . 14, 95 

PluMphorus, detection of traces 265 

„. propertijBS of •• 95 

Pipette 69 

Platinic ammonic chloride . . 218 

chloride 217 

disulphide ... .. 218 

potassic chloride • . 218 

Platinous chloride . . • . 218 

Platinizing 198 

Platinum, di- and tetratomio 217, 218 

„ . spongy .. .. 139 

„ spoon^ wire . . . • 108 

Plattnerite 
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nambio acetate . . . .. .. 826 

„ aneniate, tri- . • . • 208 
„ carbonate, basic . . 227 
I, . I, natiye .. 225 

„ chloride, chlorohjdrate 227 
„ . cUoroflulphide. . .. 227 

„ chromate 171, 173, 227 

„ cyanide .. .. 228 

„ £oxide 228 

,, . „ combination 

with, sulphurone anhydride . . 235 
Plumbic iodide . . ... 227, 256 

„ . nitrate, decomposition 
of by heat .. .. 80,226 

Plumbic oxide .. .. 80,228 

„ peroxide .. .. 228 

„ phoephate .. .. 265 

„ succinate .. .. 292 

„ sulphate, solubility of 227, 233 
„ sulphide .. .. 227 

„ tartrate .. .. 290 

Plumbo-calcite . . . . . . 146 

PlumbQx^l .. .. 60,65 

Pneumatic trough . . . . 2 

Pole, ne^tive, positiye . . . . 27 

Polysulphides . . . . . . 182 

Porcelain dishes . . . . . . 134 

Potashes, crude . . • . • • 138 

Potassic antimonite, tri- . . 202 

„ . antimonylic tartrate . . 202 

„ arseniate, tri- .. .. 208 

„ bromate .. .. 254 

„ bromide .. •• 251 

„ carbonate .. .. 138 

„ chlorate, preparation of 248 
„ chloride.. .. .. 138 

„ chromate, normal . . 170 
„ cobalticyanide . . 154, 283 
„ cyanate, action of heat 

on 274,283 

Potassic cnranide 274 

„ aichromate, di- . . 171 

„ ferrate . . • . . . 165 
„ ferricyanide . . 166, 281 
„ ferrocyanide .. 166,279 
„ „ action of 

hMtupon .. .. .. 279 

Potassic ferrocyanide, carbonic 
oxide prepared from . . . . 281 

Potassic ferrocyanide, decomposi- 
tion of by sulphuric acid . . 281 
Potassic ferrocyanide, manufac- 
ture of 219 

„ ferrous ferrocyanide di- 280 

„ >» »» **^" 

tion of heat upon .. .. 282 

Potassip. ferrous ferrocyanide, as 

an oxidizing agent . . . . 282 
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Potassic hydrate . . . . 188 

„ hypophosphite. . .• 99 

„ iodate 258 

„ iodide 256 

„ manganate • • • • 158 
„ mercuric iodide . . 140 
„ metantimoqiate 189, 204 
„ metarsenite .. .. 206 
„ metasulphantimoniate, 

sulpho- 188 

Potassic metasulphantimonite, 

sulpho- . . .... . . 183 

Potassic nitrate, decomposed by 
silicic anhydride . . . . 112 

Potassic nitrate, solubility of . . 114 
„ perchlorate .. •• 249 

„ periodate • • 259 

„ permanganate.. .. 158 

„ peroqcide .. .. 65 

„ platiAlc chloride 138, 218 
„ silico-fluoride . . 138, 268 
„ sodic tartrate . . . . 296 

„ stannate, di- . . 199, 200 
„ stannite, di- . . • • 199 
„ sulphantimonite, tri- 
sulpho . . . • ■ . • . 184 
Potassic sulpharsenite, trisulpho 183 
„ . sulphate .. .. 73 

„ „ hydric 79,272 

„ sulpho-cyanate 167, 274 

„ tartrate, hydric 138, 295, 296 

Potassium 138 

„ blowpipe test for . . 138 
„ chrome alum 121, 172 

„ iron alum . . . . 121 
„ occurrence in nature 138 
„ reactions of . . . . 138 
„ sulphyl •• .. 183 

Potassoxyl 65 

Precipitant 43 

Precipitate (white) .. .. 43 

Precipitated sulphur . . • . 183 
Precipitation .. .. .. 132 

Propionic acid . . . . . • 288 

Proufttite 183,221 

Prussian blue . . 166, 278, 280 

„ „ decomposition of by 

alkalies 280 

Prussian blue» soluble . • • • 281 
Prussif^te, red. .. .. 276,281 
„ yellow .. . 276,279 

„ action of sulphuric acid 

on 281 

Prussicacid .. .. 152,273 
Psilomelane .. .• •• 156 
Purification of salts by crystalli- 
sation . * . . • • . • 116 
Purple of Cassius . . . . 199 
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Fyrantimonic acid • . . . 202 

I'^ranenic acid . . » • . . 101 

I^rargyrite, or dark red BilTer 

ore 188,221 

Pyrites, arsenical • • 100, 205 

„ capillary •• .. 161 

Pyrolusiie »• •• .. 156 

Pjroxnorphite .• •• 226,264 

F^rrophoric iron . • • • . . 122 

l^Tophosphates . . • • • . 266 

PjTophorohorio acid •• 96,266 

Pyrrnosiderite •• .. •• 164 



Qnalitatiye analysis, deflnitton of 181 
Quantiyalence of elemento . . 54 

Quartz 111,268 

Quicklime •• •• .. 146 



Radicals, ooinponndi definition 

of .r 64 

Badicals, compound, organic « • 286 

Beactions of tne acids • . . . 281 

„ or chemical changes. . 18 
„ of the metals, method 

pursued in studying the . . 187 

Beactions in the diy vay, ex- 
planation of term . . . . 62 

B^tions in the wet way, ex- 
planation of term • « . . 62 

Beagents, general «« .. 182 

„ special •« .. 182 
„ definition of . . 18, 182 

Beactions of the metals of 
Group I .. .. ..221 

Beactions of the metals of 

Group II . . • . • • 181 

Beactions of the metals of 

Group in r 149 

Beactions of the metals of 

Group lY 143 

Beactions of the metals of 

Group V 187 

Bealgar .. .« •• .r 205 

Beciprocal affinities . . . • 24 

Bed copper ore, or ruby ore • . 190 

Bed hematite « . . • . . 164 

„ lead 128,228 

„ manganese, or mangan kiesel 156 

„ precipitate .. .. r. 7 
„ prussiate of potash. « 276, 281 

„ zinc ore . . . . • « 161 

Beducing blowpipe flame . . 106 
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Beducing flame .. •• •% 105 

„ agents, femnis tilts as 168 
Beduction of metals by oaibon, 

carbonic oxide, hydrogen . . 125 
Beduction of gases to standard 

temperature and pressure . . 86 
Beduction by means of electricity 

(electrolysis) 25 

Beductions .. •• 20,125 

Beinsch's test • • . . . 207 

Belatiye combining weight* • • 31 

Besolution .. .• »• 123 

Bhodonite 156 

Boasting, efiect on sulphide* . • 289 

Bochellesalt « 296 

Bock crystal .. «• 111,268 

„ salt. • • ■ • fl • • ISo 

Buby ore, or red copper or* . . 190 
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Sal-ammoniac •• .. *• 91 

Salt, common . . t • • • 47 

„ definition of . « • • US 

Saltpetre 78,188 

„ flour •• •• fl« 115 

„ impurities in •« «• 115 

Salts, acid 79 

„ definition of, instances of. . 119 

„ acid to litmus .« .. 118 

„ alkaline to litmus. . . . 118 
„ basic, definition of, instances 

of 119 

Salts, colour of . . . • . . 116 
„ double, constitution of, 

instances of . . . « . . 120 

Salts, double, general properties 

of .. 113 

Sfdts, haloid 77 

„ neutral to litmus . . . • 118 
„ normal, instances of 118, 119 

„ oxy, nomenclature of . . 77 
„ of organic acids, action of 

heat upon . . . . • . 287 

„ percentage solubility of . . 114 
„ purification of by reorptal- 

lisation., .. .. .. 115 

Salts, solutions of, for analysis . • 184 

„ sulpho- ,4 .« .« 183 

„ taste of soluble • • • • 116 

Sand ■ . » « » « • • 111 

Saturated solutions «. .. 114 
„ „ boiling points 

ofyarious «. .. .. 144 

Scheele's green .. •• •• 207 

SooTodite.. .* r. .,165 

Selecite 146 
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Separation of metals of Gkoup I 230 
II M Group II, 

subdiyision A . . , . . • 196 

Separation of metAla of Group 11, 

Bubdiyision B . . . . . • 219 

Separation of metals of Group m, 

subdiyisioQ A 177 

Separation of metiUs of Group III, 

subdivision B . . . . . . 178 

Separation of metals of Group IV 147 

„ Group Y 142 

Serjpentine .. .. •• 141 

Sicilian sulphur . • . . . • 38 

Silica 111,268 

„ action of heat upon t* 268 

„ amorphous .. •• 268 

„ crystalline . . « • « • 268 
„ disaolved by hydrofluoric 

acid • • • • • « • • 260 

Silica, gelatinous, preparation of 111 

Silicates 111,269 

„ blowpipe test for . . 269 
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